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(54) RANGE FINDER AND RANGE-FINDING METHOD USING IMAGING ELEMENT 

(57)Abstract: , ; 

PROBLEM TO BE SOLVED: To contrive a control 
method for a general CCD imaging element to realize an 

operation substantially equivalent to synchronous /_. 

integration, and to realize inexpensive light wave range- 
finding, which requires an imaging element of specified 
structure in the prior art, using the general CCD imaging 
element. 

SOLUTION: This range finder is constituted to have an 
imaging element 4 arrayed one-dimensionally or two- 
dimensionally with a plurality of photo-sensitive parts on 
a semiconductor substrate, and having structure capable 
of controlling sensitivity in each of the photo-sensitive 
parts by impressing a voltage to the semiconductor 
substrate, and to have a sensitivity control part 5 
synchronized with a modulation signal for intensity- 
modulated light to impress the voltage for modulating 
the sensitivity of the each photo-sensitive part to the 
semiconductor substrate of the imaging element 4. The 
sensitivity of the each photo-sensitive part is able to 

get variable synchronized with the intensity-modulated irradiation light, and the light 
range-finding is realized thereby. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

Distance measuring equipment using the image sensor characterized by having the sensibility 
control section which impresses the electrical potential difference which makes the semi- 
conductor substrate of said image sensor modulate the sensibility of each of said sensitization 
section synchronizing with the modulating signal of the light by which intensity modulation was 
carried out on the semi-conductor substrate in two or more sensitization sections with- 
dimensional [ 1 ] or the image sensor which is arranged two-dimensional and has controllable 
structure for the sensibility of each of said sensitization section by electrical-potential- 
difference impression to said semi-conductor substrate. 
[Claim 2] 

The image sensor which has the structure where of-dimensional [ 1 ] or the transfer section 
which reads stored charge from the are-recording section of each sensor element while 
arranging two-dimensional can be formed in said semi-conductor substrate for a sensor element 
equipped with the sensitization section which makes a signal charge generate according to light 
income, and the are-recording section which accumulates the signal charge generated in the 
sensitization section on a semi-conductor substrate, and the sensibility of the sensitization 
section can be substantially reduced by electrical-potential-difference impression to said semi- 
conductor substrate, 

Image formation optical system to which the field where the sensor element of said image sensor 
was arranged carries out image formation of the reflected light from the detected material 
irradiated by the light by which intensity modulation was carried out, 

The sensibility control section which impresses the control voltage for reducing the sensibility of 
said sensitization section to said semi-conductor substrate synchronizing with the modulating 
signal of said light by which intensity modulation was carried out, 

The storage section which reads the charge accumulated in the are recording section of said 
image sensor covering two or more periods of said intensity modulation by said transfer section, 
and is memorized as measured value, 

The detection phase setting section which changes the phase of the low sensibility period when 
the control voltage for reducing the sensibility of said sensitization section among round terms 
of said intensity modulation is impressed whenever measured value is memorized by said storage 
section. 



file://C:¥Documents and Settings¥oonishi¥My Documents¥JPOEn¥JP-A-2004-4... 2007/04/24 



JP-A-2004-45304 



3/34 ^— v 



Distance measuring equipment using the image sensor characterized by having the ranging 
operation part which calculates the distance information to a detected material for every sensor 
element based on two or more measured value from which the phase of the low sensibility period 
memorized by the storage section differs. 
[Claim 3] 

While arranging a sensor element equipped with the sensitization section which makes a signal 
charge generate according to light income, and the are recording section which accumulates the 
signal charge generated in the sensitization section two-dimensional on a semi-conductor 
substrate The transfer section which reads stored charge from the are recording section of each 
sensor element is formed in said semi-conductor substrate. By impressing a high electrical 
potential difference which breaks down the potential barrier of the sensitization section in the 
direction perpendicular to the front face of said semi-conductor substrate It is the ranging 
approach using the INTARAIN transfer-die CCD image sensor which has a vertical mold overflow 
drain electrode for discarding the signal charge of the sensitization section to said semi- 
conductor substrate, 

In the condition that the field where the sensor element of said image sensor was arranged 
carries out image formation of the reflected light from the detected material irradiated by the 
light by which intensity modulation was carried out It synchronizes with the modulating signal of 
said light by which intensity modulation was carried out. The 1st phase which repeats the 
actuation which impresses the control voltage for making said semi-conductor substrate discard 
the signal charge of said sensitization section to said vertical mold overflow drain electrode 
covering two or more periods of said intensity modulation in a predetermined period among round 
terms of said intensity modulation, 

The 2nd phase read by said transfer section by making into measured value the charge 
accumulated in the are recording section of said image sensor in the 1st phase, 
The 3rd phase which changes the phase of the period which impresses said control voltage to 
said vertical mold overflow drain electrode in the 1st phase whenever measured value is read in 
the 2nd phase, 

The ranging approach using the image sensor characterized by having the 4th phase of 
calculating the distance information to a detected material for every sensor element, based on 
two or more measured value from which the phase of the period which impresses said control 
voltage differs after repeating the 1 st, 2nd, and 3rd phase two or more times. 
[Claim 4] 

While arranging a sensor element equipped with the sensitization section which makes a signal 
charge generate according to light income, and the are recording section which accumulates the 
signal charge generated in the sensitization section two-dimensional on a semi-conductor 
substrate The transfer section which reads stored charge from the are recording section of each 
sensor element is formed in said semi-conductor substrate. By impressing a high electrical 
potential difference which breaks down the potential barrier of the sensitization section in the 
direction level on the front face of said semi-conductor substrate It is the ranging approach 
using the INTARAIN transfer-die CCD image sensor which has a horizontal-type overflow drain 
electrode for discarding the signal charge of the sensitization section in the direction level on 
the front face of said semi-conductor substrate, 

In the condition that the field where the sensor element of said image sensor was arranged 
carries out image formation of the reflected light from the detected material irradiated by the 
light by which intensity modulation was carried out The 1st phase which repeats the actuation 
which impresses the control voltage for making the signal charge of said sensitization section 
discard in a predetermined period among round terms of said intensity modulation to said 
horizontal-type overflow drain electrode synchronizing with the modulating signal of said light by 
which intensity modulation was carried out covering two or more periods of said intensity 
modulation, 

The 2nd phase read by said transfer section by making into measured value the charge 

accumulated in the are recording section of said image sensor in the 1st phase, 

The 3rd phase which changes the phase of the period which impresses said control voltage to 
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said horizontal-type overflow drain electrode in the 1st phase whenever measured value is read 
in the 2nd phase, 

The ranging approach using the image sensor characterized by having the 4th phase of 
calculating the distance information to a detected material for every sensor element, based on 
two or more measured value from which the phase of the period which impresses said control 
voltage differs after repeating the 1st, 2nd, and 3rd phase two or more times. 
[Claim 5] 

It has the three or more sensitization sections which make a signal charge generate according to 
light income, respectively. The image pick-up section which arranges the sensor element which 
accumulated the signal charge two-dimensional on a semi-conductor substrate, and grows into 
said specific sensitization section by giving potential which brings a signal charge together in the 
specific sensitization section except both ends from other sensitization sections, The transfer 
section which reads stored charge from each sensor element of the image pick-up section is 
formed in said semi-conductor substrate. It is the ranging approach using the frame transfer-die 
CCD image sensor which has a vertical mold overflow drain electrode for discarding the signal 
charge of the sensitization section to said semi-conductor substrate by impressing a high 
electrical potential difference which breaks down the potential barrier of the sensitization 
section in the direction perpendicular to the front face of said semi-conductor substrate, 
In the condition that the field where the sensor element of said image sensor was arranged 
carries out image formation of the reflected light from the detected material irradiated by the 
light by which intensity modulation was carried out It synchronizes with the modulating signal of 
said light by which intensity modulation was carried out. It has left the signal charge accumulated 
in said specific sensitization section among the three or more sensitization sections which 
constitute said each sensor element from a predetermined period among round terms of said 
intensity modulation. The 1st phase which repeats the actuation which impresses control voltage 
which makes said semi-conductor substrate discard the signal charge of other sensitization 
sections to said vertical mold overflow drain electrode covering two or more periods of said 
intensity modulation, 

The 2nd phase read by said transfer section by making into measured value the charge 
accumulated in said specific sensitization section of each of said sensor element in the 1st 
phase, 

The 3rd phase which changes the phase of the period which impresses said control voltage to 
said vertical mold overflow drain electrode in the 1st phase whenever measured value is read in 
the 2nd phase, 

The ranging approach using the image sensor characterized by having the 4th phase of 
calculating the distance information to a detected material for every sensor element, based on 
two or more measured value from which the phase of the period which impresses said control 
voltage differs after repeating the 1 st, 2nd, and 3rd phase two or more times. 
[Claim 6] 

It has the three or more sensitization sections which make a signal charge generate according to 
light income, respectively. The image pick-up section which arranges the sensor element which 
accumulated the signal charge two-dimensional on a semi-conductor substrate, and grows into 
said specific sensitization section by giving potential which brings a signal charge together in the 
specific sensitization section except both ends from other sensitization sections, The transfer 
section which reads stored charge from each sensor element of the image pick-up section is 
formed in said semi-conductor substrate. It is the ranging approach using the frame transfer-die 
CCD image sensor which has a horizontal-type overflow drain electrode for discarding the signal 
charge of the sensitization section by impressing a high electrical potential difference which 
breaks down the potential barrier of the sensitization section in the direction level on the front 
face of said semi-conductor substrate, 

In the condition that the field where the sensor element of said image sensor was arranged 
carries out image formation of the reflected light from the detected material irradiated by the 
light by which intensity modulation was carried out It synchronizes with the modulating signal of 
said light by which intensity modulation was carried out. It has left the signal charge accumulated 
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in said specific sensitization section among the three or more sensitization sections which 
constitute said each sensor element from a predetermined period among round terms of said 
intensity modulation. The 1st phase which repeats the actuation which impresses control voltage 
which makes the signal charge of other sensitization sections discard to said horizontal-type 
overflow drain electrode covering two or more periods of said intensity modulation, 
The 2nd phase read by said transfer section by making into measured value the charge 
accumulated in said specific sensitization section of each of said sensor element in the 1st 
phase, 

The 3rd phase which changes the phase of the period which impresses said control voltage to 
said horizontal-type overflow drain electrode in the 1st phase whenever measured value is read 
in the 2nd phase, 

The ranging approach using the image sensor characterized by having the 4th phase of 
calculating the distance information to a detected material for every sensor element, based on 
two or more measured value from which the phase of the period which impresses said control 
voltage differs after repeating the 1st, 2nd, and 3rd phase two or more times. 
[Claim 7] 

In claims 5 or 6, the sensitization section which constitutes said each sensor element consists 
of four or more. In the period which makes the signal charge of others and the sensitization 
section discard with the signal charge left accumulated in said specific sensitization section The 
ranging approach using the image sensor characterized by impressing the electrical potential 
difference which forms a potential barrier which isolates said specific sensitization section 
electrically from other sensitization sections in the sensitization section which adjoins said 
specific sensitization section. 
[Claim 8] 

The ranging approach using the image sensor characterized by forming the protection-from-light 
section in the front face of said specific sensitization section and the sensitization section in 
which said potential barrier is formed in claim 7. 
[Claim 9] 

The sensitization section which makes a signal charge generate according to light income, and 
the are recording section which accumulates the signal charge generated in the sensitization 
section, While arranging a sensor element equipped with the electric switch which opens and 
closes migration of the signal charge from the sensitization section to the are recording section 
on-dimensional [ 1 ] or a two-dimensional target on a semi-conductor substrate The image 
sensor which has the structure forms in said semi-conductor substrate the transfer section 
which reads stored charge from the are recording section of each sensor element, and said 
electric switch can be opened and closed by the RF by electrical-potential-difference impression 
to the specific electrode of said semi-conductor substrate, 

Image formation optical system to which the field where the sensor element of said image sensor 
was arranged carries out image formation of the reflected light from the detected material 
irradiated by the light by which intensity modulation was carried out, 

The synchronous integral control section which impresses the control voltage for closing said 
electric switch to said specific electrode of said semi-conductor substrate synchronizing with 
the modulating signal of said light by which intensity modulation was carried out, and the storage 
section which reads the charge accumulated in the are recording section of said image sensor 
covering two or more periods of said intensity modulation by said transfer section, and is 
memorized as measured value, 

The detection phase setting section which changes the phase of the synchronous integral period 
when the control voltage for closing said electric switch among round terms of said intensity 
modulation is impressed whenever measured value is memorized by said storage section, 
Distance measuring equipment using the image sensor characterized by having the ranging 
operation part which calculates the distance information to a detected material for every sensor 
element based on two or more measured value from which the phase of the synchronous integral 
period memorized by the storage section differs. 
[Claim 10] 
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While constituting said transfer section by forming the transfer electrode for carrying out a 
sequential transfer in the front face of said are recording section in claim 9 at the are recording 
section which adjoins the signal charge accumulated in said are recording section In the period 
when the electrical potential difference for transmitting a signal charge is not impressed to said 
transfer electrode By impressing by turns the electrical potential difference which makes the 
signal charge generated in said sensitization section in said transfer electrode transport to said 
are recording section, and the electrical potential difference which does not make the signal 
charge which occurred in said sensitization section transport to said are recording section 
Distance measuring equipment using the image sensor characterized by constituting the electric 
switch which opens and closes migration of the signal charge from said sensitization section to 
the are recording section by high frequency. 



[Translation done.] 
* NOTICES * 

JPO and I NP IT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the technique which detects the delay of the phase of the reflected 
light to exposure light for every pixel of an image sensor, and makes the spacial configuration of 
a detected material detectable about the distance measuring equipment and the ranging 
approach of having used the image sensor. 
[0002] 

[Description of the Prior Art] 

Drawing 3 is the principle explanatory view of the electro-optical distance measurement of the 
conventional TOF (Time Of Flight) method. For one, as for a detected material and 3, the light 
source and 2 are [ image formation optical system and 4 ] image sensors among drawing. The 
light source 1 consists of LED arrays, and intensity modulation of the output light is carried out 
by the RF. Two or more LED is used for the light source 1 for increasing output luminous 
intensity, and each LED is synchronizing and emitting light. When intensity modulation of the light 
irradiated by the detected material 2 from the light source 1 is carried out by the RF which is 
20MHz, since the wavelength is set to 15m, if light goes and comes back to the distance which is 
7.5m, the delay of the phase of one period will produce it. 
[0003] 

Drawing 4 explains the delay of the phase of the reflected light to exposure light. Among drawing, 
W is the reflected light and the phase lag of psi has produced exposure light and R in the 
reflected light. If the reflected light R is sampled 4 times about one period of the exposure light 
W and the detection value of the reflected light in case the phases of exposure light are 0 
degree, 90 degrees, 180 degrees, and 270 degrees is made into AO, A1, A2, and A3, respectively, 
delay psi of a phase will be given by the degree type. 
Psi=arctan {(A3-A1) /(A0-A2)} 
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[0004] 

Image formation of the light reflected by the detected material 2 is carried out to the light- 
receiving side of an image sensor 4 through the image formation optical system 3. Two or more 
pixels (X, Y) are arranged two-dimensional in the light-receiving side of an image sensor 4, and 
the three-dimensional structure of a detected material 2 can be detected by asking for phase lag 
psi (X, Y) by the upper type about each pixel. 
[0005] 

The sampling of multiple times must be able to do the image sensor used for the electro-optical 
distance measurement of this TOF method about one period of exposure light, and drawing 5 or 
structure like drawing 6 is conventionally proposed by Patent Publication Heisei No. 508736 [ ten 
to ]. The image sensor of drawing 5 is equipped with the one sensitization section PD and four 
memory cells M0, Ml. M2, and M3 about 1 pixel, and the electric switches SO, SI, S2, and S3 
turned on in time sharing are formed between each memory cells M0, Ml, M2, and M3 and the 
sensitization section PD. Each electric switches SO, SI, S2, and S3 are turned on in TO, T1 and 
T2 of drawing 4 , and the period of T3, respectively. By repeating this actuation over two or 
more rounds, the S/N ratio to a dark current noise, a shot noise (noise by generating dispersion 
of an electronic-electron hole pair), the stationary noise of an amplifier circuit, etc. can be 
raised, and the detection values AO, A1, and A2 of the reflected light and A3 are accumulated in 
memory cells M0, Ml, M2, and M3. Such actuation is carried out to calling it a "synchronous 
integral." The image sensor of drawing 6 is equipped with the shift register SR for data read-out, 
a light-receiving signal is accumulated in each memory cells M0, Ml, M2, and M3 of a shift 
register SR from the one sensitization section PD through four electric switches SO, SI, S2, and 
S3 turned on in time sharing, and a light-receiving signal is read by the transfer facility of a shift 
register SR. 
[0006] 

[Problem(s) to be Solved by the Invention] 

However, in manufacturing specially the image sensor which has special structure as shown in 
above-mentioned drawing 5 or above-mentioned drawing 6 , a manufacturing cost becomes high 
and the cost of the whole distance measuring equipment goes up. Then, it found out that the 
actuation same with carrying out the synchronous integral substantially was realizable by 
controlling skillfully the electrical potential difference impressed to the overflow drain electrode 
or perpendicular transfer electrode of a CCD image sensor by devising the control approach of a 
general CCD image sensor when it examines whether a synchronous integral is unrealizable 
[0007] 

This invention is made based on such knowledge, is devising the control approach of a general 
CCD image sensor, makes realizable actuation same with carrying out the synchronous integral 
substantially, and makes it a technical problem to realize cheaply electro-optical distance 
measurement which needed the image sensor of special structure conventionally using a general 
CCD image sensor. 
[0008] 

[Means for Solving the Problem] 

In order that the distance measuring equipment of this invention may solve the above-mentioned 
technical problem, as shown in drawing 1 Two or more sensitization sections on a semi- 
conductor substrate-dimensional [ 1 ] or the image sensor 4 which is arranged two-dimensional 
and has controllable structure for the sensibility of each of said sensitization section by 
electrical-potential-difference impression to said semi-conductor substrate. It is characterized 
by having the sensibility control section 5 which impresses the electrical potential difference 
which makes the semi-conductor substrate of said image sensor 4 modulate the sensibility of 
each of said sensitization section synchronizing with the modulating signal of the light by which 
intensity modulation was carried out. The image formation optical system 3 to which the field 
where the sensor element of an image sensor 4 was arranged carries out image formation of the 
reflected light from the detected material 2 more specifically irradiated by the light by which 
intensity modulation was carried out, The sensibility control section 5 which impresses the 
control voltage for reducing the sensibility of the sensitization section of an image sensor 4 to 
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the semi-conductor substrate of an image sensor 4 synchronizing with the modulating signal of 
said light by which intensity modulation was carried out, The storage section 6 which reads the 
charge accumulated in the are recording section of said image sensor 4 covering two or more 
periods of said intensity modulation by the transfer section, and is memorized as measured 
value, The detection phase setting section 7 which changes the phase of the low sensibility 
period when the control voltage for reducing the sensibility of the sensitization section among 
round terms of said intensity modulation is impressed whenever measured value is memorized by 
said storage section 6, It is characterized by having the ranging operation part 8 which calculates 
the distance information to a detected material 2 for every sensor element of an image sensor 4 
based on two or more measured value from which the phase of the low sensibility period 
memorized by the storage section 6 differs. 
[0009] 

The image sensor 4 used for the distance measuring equipment of this invention here The 
sensitization section PD which makes a signal charge generate according to light income as 
shown in drawing 1 (b) While arranging a sensor element equipped with electric switch S which 
opens and closes migration of the signal charge to the are recording section M on-dimensional 
[ 1 ] or a two-dimensional target on a semi-conductor substrate from the are recording section 
M which accumulates the signal charge generated in the sensitization section PD, and the 
sensitization section PD The transfer section T which reads stored charge from the are 
recording section M of each sensor element is formed in said semi-conductor substrate. 
[ whether it considers as the image sensor which has the structure which can open and close 
said electric switch S by the RF by electrical-potential-difference impression to the specific 
electrode (for example, transfer electrode) of said semi-conductor substrate, and ] Or although 
said electric switch S cannot be opened and closed by the RF as shown in drawing 1 (c), turning 
this ON It considers as an image sensor which has sensibility adjustable sensitization section 
PD' which can make sensibility fluctuate by the RF by electrical-potential-difference impression 
to other specific electrodes (for example, overflow drain electrode) of said semi-conductor 
substrate. The frame transfer-die CCD image sensor which specifically has the INTARAIN 
transfer-die CCD image sensor which has a vertical mold or a horizontal-type overflow drain 
electrode, a vertical mold, or a horizontal-type overflow drain electrode, or the frame INTARAIN 
transfer-die CCD image sensor which is these compound dies can be used. 
[0010] 

Drawing 2 is the explanatory view of this invention of operation. Among drawing, (a) shows the 
phase of the exposure light W and (b) - (e) shows the detection phase for the synchronous 
integral set up in the detection phase setting section 7. The one sensitization section PD, two or 
more switches S0-S3, and two or more memory cells M0-M3 were formed, and switches SO, S1, 
S2, and S3 were made to turn on in time sharing for every sensor element, in a Prior art, with 
the detection phase of drawing 2 (b), (c), (d), and (e), respectively, as shown in drawing 5 or 
drawing 6 . The sensitization section PD which makes a signal charge generate in this invention 
according to light income for every sensor element as shown in drawing 1 (b) It has every one 
electric switch S which opens and closes migration of the signal charge to the are recording 
section M from the are recording section M which accumulates the signal charge generated in 
the sensitization section PD, and the sensitization section PD. By repeating and turning on 
electric switch S with the detection phase of drawing 2 (b) at the time of the 1 st image pick-up, 
the measured value equivalent to AO of drawing 4 is obtained in the are recording section M, and 
this is read to it by one screen by the transfer section T. By repeating and turning on electric 
switch S with the detection phase of drawing 2 (c), (d), and (e), respectively at the time of the 
2nd time, the 3rd time, and the 4th image pick-up, the measured value equivalent to A1 and A2 
of drawing 4 , and A3 is obtained in the are recording section M, and this is read to it by one 
every screen and the transfer section T. Generalization control of the above actuation is carried 
out by the control circuit 9. If it does in this way, although the 4 times as many measuring time 
as this will be required compared with the case where the image sensor of the structure shown 
in drawing 5 or drawing 6 is used, if a detected material 2 does not move at high speed, the 
image of four sheets with which detection phases differ is acquirable, and even if it uses a 
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general CCD image sensor, electro-optical distance measurement is realizable. In addition, the 
ranging operation part 8 can constitute a microcomputer, DSP, an operational amplifier, etc. from 
a means of arbitration that what is necessary is just what can calculate distance information 
substantially. 
[0011] 

By the way, in the CCD image sensor of the most general INTARAIN transfer die as a CCD 
image sensor, since the electrode which constitutes electric switch S of drawing 1 (b) is used 
also [ electrode / perpendicular transfer ] and this electrode was formed through the insulating 
thin film on the semi-conductor substrate, considering the configuration, electrostatic capacity 
was large, and when capacity was large, it turned out that it is very difficult to open and close by 
the dozens of MHz RF. In such a case, it is unsuitable for the application which realizes electro- 
optical distance measurement of a short distance using a general CCD image sensor 
[0012] 

Then, as shown in drawing 1 (c), it examined whether electric switch S between the sensitization 
section and the are recording section would have a means by which only the sensibility of the 
sensitization section can be periodically reduced synchronizing with exposure light, maintaining in 
the ON condition. Since the sensibility of the sensitization section is a thing [ as opposed to / a 
thing / light income ] of the generating effectiveness of a photoelectron in short, if some 
generated photoelectrons can be thrown away, sensibility will fall substantially 
[0013] 

As a means to throw away the photoelectron of such the sensitization section, some which have 
the structure called the overflow drain for throwing away a superfluous signal charge into a 
substrate are in a CCD image sensor. Although this overflow drain is formed in order to throw 
away the signal charge which exceeds predetermined level in order for the generated superfluous 
signal charge to prevent affecting the surrounding sensitization section, when the light which is 
too strong in the sensitization section also in a basis receives into a substrate If this overflow 
drain lowers intentionally the level which makes a signal charge overflow, even if the signal 
charge of the sensitization section is not superfluous, a signal charge will be thrown away as a 
superfluous thing and can reduce the sensibility of the sensitization section substantially. And 
since this overflow drain is directly linked with the substrate, considering a configuration, 
electrostatic capacity is small and switching by dozens of MHz is also possible. So, in the phase 
which does not want to detect light, if an overflow drain sets up low the level which makes a 
signal charge overflow, the sensibility of the sensitization section can be modulated according to 
the period of exposure light. 
[0014] 

Of course, although the view of using this overflow drain electrode for the electronic shutter of a 
CCD camera existed from the former, since it meant exposure of the end once, it was what 
starts an integral from the condition that the charge of the are recording section was initialized. 
The control approach that applied-voltage control of an overflow drain electrode realizes 
exposure of multiple times, with the after-image by exposure to last time left is not learned 
without initializing the charge of the are recording section. 
[0015] 

Hereafter, the concrete control approach for realizing the actuation same about the INTARAIN 
transfer-die CCD image sensor and frame transfer-die CCD image sensor which have a vertical 
mold or a horizontal-type overflow drain electrode as a synchronous integral is explained in 
detail as a gestalt of implementation of invention. 
[0016] 

[Embodiment of the Invention] 
(Gestalt 1 of operation) 

Drawing 7 shows the configuration of INTARAIN transfer-die CCD (IT-CCD) which has a vertical 
mold overflow drain (VOD) electrode. It is formed in the front face of n mold substrate 10 so that 
the vertical mold overflow drain (VOD) electrode 1 1 which consists of an aluminum electrode 
may contact a substrate directly without an insulator layer. Control voltage Vs is impressed to 
the VOD electrode 11. p mold field 12 is formed in the part surrounded with the VOD electrode 
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1 1 of the front face of n mold substrate 10. Two or more photodiodes are separated and formed 
in this p mold field 12. The part described as PD is a photodiode among drawing, and front faces 
other than the part in which this photodiode PD was formed are covered by the light-shielding 
film (not shown). Although the photodiode PD of four lines is perpendicularly illustrated 
horizontally three trains in drawing 7 , many photodiodes PD are formed more in fact, each — a 
photodiode — PD — adjoining — forming — having had — an electrode — a — b — c — d — 
and — a — ' — b — ' — c — ' — d — ' — perpendicular — a transfer — CCD — an electrode 

— it is — this — an electrode — the bottom — a photodiode — PD — having generated — a 
signal charge — accumulating — accumulating — having had — a signal charge — the 
perpendicular transfer electrical potential differences V1, V2, V3, and V4 of four phases — the 
level transfer CCD — transmitting . (The electrode of the perpendicular transfer CCD which 
adjoined the photodiode PD of each train and was formed is connected through wiring which is 
not illustrated so that the same perpendicular transfer electrical potential difference as the 
electrode horizontally located in a line may be impressed.) level — a transfer — CCD — two — 
phases — level — a transfer — an electrical potential difference — VH — one — VH — two — 
a charge — transmitting — a sake — level — a transfer '■ — an electrode — e — f — e — ' — f 

— ' — e — " — f — " — having — **** . In IT-CCD, it is very common for 4 phase clock to 
perform a perpendicular transfer and to perform a level transfer with 2 phase clock, and since it 
is the thing of the common knowledge about the structure of the charge transfer, detailed 
explanation is omitted. 

[0017] 

Drawing 8 shows the cross-section structure of the parts of Photodiode PD and the 
perpendicular transfer electrodes a and b. As mentioned above, p mold field 12 is formed in the 
front face of n mold substrate 10, and two or more photodiodes PD are formed in the front face 
of this p mold field 1 2. Each photodiode PD consists of an n+ field 1 3 and a p mold field 1 2. The 
p+ layer 14 is formed in the front face of Photodiode PD. If the effectiveness of this p+ layer 14 
is explained, crystallinity will be bad and will be one with the bad (energy is activity) stability of 
energy, it is easy to generate an electronic-electron hole pair by thermal excitation, and this will 
serve as the dark current and the crystal structure on the front face of a substrate will serve as 
a cause which worsens the S/N ratio of a signal charge. In order to prevent this effect, it is the 
role of the p+ layer 14 to make it a signal charge not pass along near a front face, and the 
photodiode which has this structure is called the embedding photodiode etc. Each photodiode PD 
is adjoined and n layer 15 which constitutes the perpendicular transfer CCD is formed in the 
front face of p mold field 12. In this front face of n layer 15, it is Si02. The perpendicular 
transfer electrodes a and b which consist of a polish recon gate electrode are formed through 
the becoming insulating thin film 16. Since this polish recon gate electrode is formed through the 
insulating thin film 16, electrostatic capacity is large considering a configuration, and when 
electrostatic capacity is large, it is difficult [ it ] to switch by dozens of MHz high frequency. In 
addition, the cross-section structure of the parts of Photodiode PD and the perpendicular 
transfer electrodes c and d is the same as that of drawing 8 . 
[0018] 

Drawing 9 shows the cross-section structure of the perpendicular transfer electrodes a, b, c, 
and d of the perpendicular transfer CCD about the A-A' line of drawing 8 . The 1st perpendicular 
transfer electrode a and c plays charge read-out to the perpendicular transfer CCD, and the role 
of a perpendicular transfer from Photodiode PD. The 2nd perpendicular transfer electrode b and 
d plays the role of a perpendicular transfer. The light-shielding film 17 is formed in the upper part 
of the perpendicular transfer electrodes a, b, c, and d. 
[0019] 

Drawing 10 shows electronic potential along with the thick broken line of drawing 8 . That is, 
along with p+ layer 14' (strictly formed at another process in the p+ layer 14 on the front face of 
a substrate), and the n+ layer 13 of Photodiode PD, p mold field 12 and n mold substrate 10, 
electronic potential is shown from n layer 15 of the perpendicular transfer CCD. Photodiode PD 
and the potential barrier (the broken line on the right-hand side of drawing 10 shows) of the p+ 
layer 14 during the perpendicular transfer CCD can be broken down by making high applied 
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voltage of the perpendicular transfer electrodes a and c. Moreover, the potential barrier (the 
broken line on the left-hand side of drawing 10 shows) of p mold field 12 between Photodiode PD 
and n mold substrate 10 can be broken down by making applied voltage of the VOD electrode 11 
high. What gave the notation of - (minus) to the white round head in drawing means the 
photoelectron. Moreover, what gave a pattern like a "mane" to the perimeter with the 
photoelectron of the part of Photodiode PD means the photoelectron generated by photo 
electric conversion. Also in the following explanation, it is the same 
[0020] 

When a light very strong against Photodiode PD carries out incidence of the original reason for 
having prepared the VOD electrode in IT-CCD, it is for missing a superfluous signal charge to n 
mold substrate 10, but in this invention, even if a signal charge is not superfluous, it makes 
sensibility of Photodiode PD adjustable by making it superfluous [ a signal charge ] and making a 
substrate overflow to lower the sensibility of Photodiode PD. That is, when the sensibility of 
Photodiode PD wants to fall, he lowers the potential barrier of p mold field 12 between the n+ 
layer 13 of Photodiode PD, and n mold substrate 10, and is trying to miss the generating charge 
of Photodiode PD to n mold substrate 10 by impressing high + electrical potential difference to 
the VOD electrode 11. Although the potential barrier of p+ layer 14' exists also between 
Photodiode PD and the perpendicular transfer CCD, the charge which lowered the potential 
barrier of p+ layer 14', and was generated in Photodiode PD can be brought together in the 
bottom of the perpendicular transfer electrode a by impressing predetermined + electrical 
potential difference to the 1st perpendicular transfer electrode a. When high + electrical potential 
difference is impressed to the VOD electrode 11, although the charge generated with Photodiode 
PD flows to the perpendicular transfer CCD, since a few will be thrown away into the direction of 
n mold substrate 10 with electronic potential low mainly comparatively for it by it, the sensibility 
(photoelectric conversion efficiency) of Photodiode PD falls substantially. Let this photoelectron 
abandonment period be a synchronous integral idle period (non-detecting phase). Moreover, 
when the applied voltage of the VOD electrode 1 1 is reduced and abandonment of a 
photoelectron is stopped, the charge generated with Photodiode PD will flow efficiently to the 
perpendicular transfer CCD, and will be accumulated in the bottom of a perpendicular transfer 
electrode. Let this photoelectron are recording period be a synchronous integral period 
(detection phase). 
[0021] 

Actuation of each period of are recording of the photoelectron by VOD mold IT-CCD, 
abandonment, and read-out is shown and explained to drawing 1 1 . In the are recording period of 
a photoelectron, the applied voltage of the VOD electrode 1 1 is low, and the sufficiently high 
electrical potential difference V1 is given to the perpendicular transfer electrode a currently 
formed next to Photodiode PD, and as shown in drawing 1 1 (a), the potential barrier by p+ layer 
14' under a perpendicular transfer electrode currently formed between 15 and the n+ layer 13 n 
layers while lowering n layers of potentials of 15 is broken down. This is equivalent to electric 
switch S of drawing 1 (c) having closed. In this case, the photoelectron generated in the n+ layer 
13 is accumulated in n layer 15 under a perpendicular transfer electrode 
[0022] 

In the abandonment period of a photoelectron, the high + electrical potential difference Vs is 
impressed to the VOD electrode 1 1 connected to n mold substrate 10, and the potential of n 
mold substrate 10 is lowered. When applied voltage Vs is sufficiently high, as shown in drawing 1 1 
(b), the potential barrier by p mold field 12 formed between n mold substrate 10 and the n+ layer 
13 collapses, and many of photoelectrons generated in the n+ layer 13 are discarded by n mold 
substrate 10. At this time, an electrical potential difference V1 is kept impressed to the 
perpendicular transfer electrode a like the are recording period of a photoelectron. This is 
equivalent to what electric switch S of drawing 1 (c) has closed. If the applied voltage Vs of the 
VOD electrode 1 1 is set up so that the potential of n mold substrate 1 0 may become low rather 
than the potential of 15 n layers, since the photoelectron under a perpendicular transfer 
electrode generated in the n+ layer 13 can be drawn near to the one where potential is lower, 
most is discarded to the VOD electrode 1 1 (n mold substrate 10), without going to the 
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perpendicular transfer electrode a side. Moreover, since the photoelectron under a perpendicular 
transfer electrode accumulated in 15 n layers has the potential barrier of the n+ layer 13 during 
the are recording period of a photoelectron, it is not discarded at the VOD electrode 1 1 (n mold 
substrate 10) side. 
[0023] 

Alternation of the are recording period ( drawing 1 1 (a)) of a photoelectron and the abandonment 
period ( drawing 1 1 (b)) of a photoelectron is carried out within a round term of exposure light, 
for example, they accumulate a photoelectron only with a specific detection phase (synchronous 
integral period) like drawing 2 (b), and discard a photoelectron in the remaining non-detecting 
phase (integral idle period) (the photoelectron of the are recording section is generated in the 
sensitization section, left). By repeating this actuation covering two or more periods of exposure 
light, the detection value equivalent to AO of drawing 4 is acquired for every pixel. This detection 
value is read for a while. 
[0024] 

In the read-out period of the accumulated photoelectron, as shown in drawing 1 1 (c), the 
electrical potential difference V1 of the perpendicular transfer electrode a is set up low, the 
transfer clock of four phases is given to the transfer electrical potential differences V1-V4, and 
the accumulated signal charge is read so that n layers of potential barriers by p+ layer 14' of the 
perpendicular transfer CCD may be generated between 15 and the n+ layer 13 of Photodiode PD. 
This is equivalent to the condition that electric switch S of drawing 1 (b) opened. 
[0025] 

Thus, if the detection value equivalent to AO of drawing 4 is acquired for every pixel next, the 
detection value equivalent to A1 of drawing 4 will be acquired for every pixel by shifting a 
detection phase 90 degrees and repeating are recording and abandonment of a photoelectron like 
drawing 2 (c), covering two or more periods of exposure light. If this detection value is read, the 
detection value equivalent to A2 of drawing 4 and A3 will be shortly acquired for every pixel 
drawing 2 (d) and by shifting a detection phase like 180 degrees and 270 degrees, going, and 
repeating are recording and abandonment of a photoelectron still like drawing 2 (e), covering two 
or more periods of exposure light. In addition, the count of the synchronous integral of each time 
does not have making it the same also until it says it. 
[0026] 

The sequence which shifts a detection phase is not limited above, for example, formula [ of a 
ranging operation ]: — psi=arctan {(A3-A1) /(A0-A2)} — doubling — the beginning — the 
detection value of A3 — asking — the 1st image memory — accumulating — a degree — the 
detection value of A1 — asking (A3-A1) — the 1st same image memory is overwritten, next, the 
detection value of AO — asking — the 2nd image memory — accumulating — further — the 
detection value of A2 — asking (A0-A2) — the 2nd same image memory is overwritten. Thus, if 
it carries out, the storage capacity of an image memory can be managed with one half. 
[0027] 

Moreover, a detection phase may make a detection phase large, in order not to necessarily 
consider as the narrow period when it was restricted in a round term like drawing 2 (b) - (e) and 
to raise a S/N ratio. For example, it can also acquire far and near information that the 1st image 
which measured a detection phase and the remaining one half for the one half in a round term as 
a non-detecting phase, and this 1st image compare the 2nd image which replaced and measured 
the detection phase and the non-detecting phase. 
[0028] 

Furthermore, about the exposure light by which intensity modulation was carried out, the 
amplitude does not need to be a sine wave, and it does not matter even if intensity modulation is 
carried out by the square wave or the triangular wave, either. 

Moreover, the exposure light by which intensity modulation was carried out does not need to be 
the light, and can be used for the near infrared which is not visible, then the monitor application 
of Nighttime, etc. 
[0029] 

by the way, since CCD which has a vertical mold overflow drain electrode cannot carry out until 
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formation of the n+ field of Photodiode PD deeply while it can enlarge light-receiving area of 
Photodiode PD, it has the fault to which the sensibility to a near infrared becomes low. then, in 
order to cancel this fault, IT-CCD which has the horizontal-type overflow drain (LOD) electrode 
which can carry out until formation of the n+ field of Photodiode PD deeply is explained below 
[0030] 

(Gestalt 2 of operation) 

Drawing 12 shows the configuration of INTARAIN transfer-die CCD (IT-CCD) which has a 
horizontal-type overflow drain (LOD). Two or more n mold fields 20 are perpendicularly formed in 
the front face of p mold substrate 22, and the n mold each field 20 is connected to the LOD 
electrode 21 which consists of an aluminum electrode. Control voltage Vs is impressed to the 
LOD electrode 21. The n mold each field 20 is adjoined, and two or more photodiodes are 
separated and formed in the front face of p mold substrate 22. The part described as PD is a 
photodiode among drawing, and front faces other than the part in which this photodiode PD was 
formed are covered by the light-shielding film. Although the photodiode PD of four lines is 
perpendicularly illustrated horizontally three trains in drawing 1 2 , many photodiodes PD are 
formed more in fact, each — a photodiode — PD — adjoining — forming — having had — an 
electrode — a — b — c — d — and — a — ' — b — ' — c — ' — d — ' — perpendicular — a 
transfer — CCD — an electrode — it is — this — an electrode — the bottom — a photodiode 

PD — having generated — a signal charge — accumulating — accumulating — having had — 
a signal charge — the perpendicular transfer electrical potential differences VI, V2, V3, and V4 
of four phases — the level transfer CCD — transmitting . (The electrode of the perpendicular 
transfer CCD which adjoined the photodiode PD of each train and was formed is connected 
through wiring which is not illustrated so that the same perpendicular transfer electrical potential 
difference as the electrode horizontally located in a line may be impressed.) level — a transfer - 

- CCD — two — phases — level — a transfer — an electrical potential difference — VH — 
one VH — two — a charge — transmitting — a sake — level — a transfer — an electrode - 

- e — f — e ' f — ' — e — " — f — " — having — **** . In IT-CCD, it is very common 
for 4 phase clock to perform a perpendicular transfer and to perform a level transfer with 2 
phase clock, and since it is the thing of the common knowledge about the structure of the 
charge transfer, detailed explanation is omitted. 

[0031] 

Drawing 13 shows the surrounding cross-section structure of Photodiode PD and the 
perpendicular transfer electrodes a and b. As mentioned above, n mold field 20 connected to the 
LOD electrode 21 is formed in the front face of p mold substrate 22, this n mold field 20 is 
adjoined and Photodiode PD is formed. Each photodiode PD consists of an n+ field 23 and a p 
mold substrate 22. The p+ layer 24 is formed in the front face of Photodiode PD. If the 
effectiveness of this p+ layer 24 is explained, crystallinity will be bad and will be one with the bad 
(energy is activity) stability of energy, it is easy to generate an electronic-electron hole pair by 
thermal excitation, and this will serve as the dark current and the crystal structure on the front 
face of a substrate will serve as a cause which worsens the S/N ratio of a signal charge. In order 
to prevent this effect, it is the role of the p+ layer 24 to make it a signal charge not pass along 
near a front face, and the photodiode which has this structure is called the embedding 
photodiode etc. Each photodiode PD is adjoined and n layer 25 which constitutes the 
perpendicular transfer CCD is formed in the front face of p mold substrate 22. In this front face 
of n layer 25, it is Si02. The perpendicular transfer electrodes a and b which consist of a polish 
recon gate electrode are formed through the becoming insulating thin film 26. Since this polish 
recon gate electrode is formed through the insulating thin film 26, electrostatic capacity is large 
considering a configuration, and when electrostatic capacity is large, it is difficult [ it ] to switch 
by dozens of MHz high frequency. In addition, the surrounding cross-section structure of 
Photodiode PD and the perpendicular transfer electrodes c and d is the same as that of drawing 

13 . 

[0032] 

The cross-section structure about the A-A' line of drawing 1 3 is the same as drawing 9 . The 
1st perpendicular transfer electrode a and c plays charge read-out to the perpendicular transfer 
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CCD, and the role of a perpendicular transfer from Photodiode PD. The 2nd perpendicular 
transfer electrode b and d plays the role of a perpendicular transfer. The light-shielding film 27 is 
formed in the upper part of the perpendicular transfer electrodes a, b, c, and d. Moreover, the 
light-shielding film 27 is formed also in the upper part of n mold field 20 connected to the LOD 
electrode 21. 
[0033] 

Drawing 14 shows electronic potential along with the thick broken line of drawing 13 . that is, — 
perpendicular — a transfer — CCD — n — a layer — 25 — from — p — + — a layer — 24 — 
' (strictly formed at another process in the p+ layer 24 on the front face of a substrate) — a 
photodiode — PD — n — + — a layer — 23 — p — + — a layer — 24 — ' — LOD — an 
electrode — 21 — connecting — having had — n — a mold — a field — 20 — meeting — 
electronic potential — being shown . Photodiode PD and the potential barrier (the broken line on 
the right-hand side of drawing 14 shows) of p+ layer 24' during the perpendicular transfer CCD 
can be broken down by making high applied voltage of the perpendicular transfer electrodes a 
and c. Moreover, the potential barrier (the broken line on the left-hand side of drawing 14 shows) 
of p+ layer 24' between Photodiode PD and n mold field 20 can be broken down by making 
applied voltage of the LOD electrode 21 high. 
[0034] 

Although it is for missing a superfluous signal charge to n mold field 20 contiguous to Photodiode 
PD in IT-CCD of a LOD mold when a light very strong against Photodiode PD carries out 
incidence of the original reason for having prepared the LOD electrode In this invention, even if a 
signal charge is not superfluous, sensibility of Photodiode PD is made adjustable by making it 
superfluous [ a signal charge ] and making n mold field 20 overflow to lower the sensibility of 
Photodiode PD. That is, when the sensibility of Photodiode PD wants to fall, he lowers the 
potential barrier of p+ layer 24' between the n+ layer 23 of Photodiode PD, and n mold field 20, 
and is trying to miss the generating charge of Photodiode PD to n mold field 20 by impressing 
high + electrical potential difference to the LOD electrode 21. Although the potential barrier of 
p+ layer 24' exists also between Photodiode PD and the perpendicular transfer CCD, the charge 
which lowered the potential barrier of p+ layer 24', and was generated in Photodiode PD can be 
brought together in the bottom of the perpendicular transfer electrode a by impressing 
predetermined + electrical potential difference to the 1st perpendicular transfer electrode a. 
When high + electrical potential difference is impressed to the LOD electrode 21, although the 
charge generated with Photodiode PD flows to the perpendicular transfer CCD, since a few will 
mainly be thrown away into the direction of n mold field 20 for it by it, the sensibility 
(photoelectric conversion efficiency) of Photodiode PD falls substantially. Let this photoelectron 
abandonment period be a synchronous integral idle period (non-detecting phase). Moreover, 
when the applied voltage of the LOD electrode 21 is reduced and abandonment of a 
photoelectron is stopped, the charge generated with Photodiode PD will flow efficiently to the 
perpendicular transfer CCD, and will be accumulated in the bottom of a perpendicular transfer 
electrode. Let this photoelectron are recording period be a synchronous integral period 
(detection phase). 
[0035] 

Actuation of each period of are recording of the photoelectron by LOD mold IT-CCD, 
abandonment, and read-out is shown and explained to drawing 15 . In the are recording period of 
a photoelectron, the applied voltage of the LOD electrode 21 is low, and the sufficiently high 
electrical potential difference V1 is given to the perpendicular transfer electrode a currently 
formed next to Photodiode PD, and as shown in drawing 15 (a), the potential barrier by p+ layer 
24' under a perpendicular transfer electrode currently formed between 25 and the n+ layer 23 n 
layers while lowering n layers of potentials of 25 is broken down. This is equivalent to electric 
switch S of drawing 1 (c) having closed. In this case, the photoelectron generated in the n+ layer 
23 is accumulated in n layer 25 under a perpendicular transfer electrode. 
[0036] 

In the abandonment period of a photoelectron, the high + electrical potential difference Vs is 
impressed to the LOD electrode 21 connected to n mold field 20, and the potential of n mold 
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field 20 is lowered. When applied voltage Vs is sufficiently high, as shown in drawing 15 (b), the 
potential barrier by p+ layer 24' formed between n mold field 20 and the n+ layer 23 collapses, 
and many of photoelectrons generated in the n+ layer 23 are discarded by n mold field 20. At 
this time, an electrical potential difference V1 is kept impressed to the perpendicular transfer 
electrode a like the are recording period of a photoelectron. This is equivalent to what electric 
switch S of drawing 1 (c) has closed. If the applied voltage Vs of the LOD electrode 21 is set up 
so that the potential of n mold field 20 may become low rather than the potential of 25 n layers, 
since the photoelectron under a perpendicular transfer electrode generated in the n+ layer 23 
can be drawn near to the one where potential is lower, most is discarded through n mold field 20 
to the LOD electrode 21, without going to the perpendicular transfer electrode a side. Moreover, 
since the photoelectron under a perpendicular transfer electrode accumulated in 25 n layers has 
the potential barrier of the n+ layer 23 during the are recording period of a photoelectron, it is 
not discarded at the LOD electrode 21 (n mold field 20) side. 
[0037] 

Alternation of the are recording period ( drawing 1 5 (a)) of a photoelectron and the abandonment 
period (drawing 15 (b)) of a photoelectron is carried out within a round term of exposure light, for 
example, they accumulate a photoelectron only with a specific detection phase (synchronous 
integral period) like drawing 2 (b), and discard a photoelectron in the remaining non-detecting 
phase (integral idle period). By repeating this actuation covering two or more periods of exposure 
light, the detection value equivalent to AO of drawing 4 is acquired for every pixel. This detection 
value is read for a while. 
[0038] 

In the read-out period of the accumulated photoelectron, as shown in drawing 15 (c), the 
electrical potential difference V1 of the perpendicular transfer electrode a is set up low, the 
transfer clock of four phases is given to the transfer electrical potential differences V1-V4, and 
the accumulated signal charge is read so that n layers of potential barriers by p+ layer 24' of the 
perpendicular transfer CCD may be generated between 25 and the n+ layer 23 of Photodiode PD. 
This is equivalent to the condition that electric switch S of drawing 1 (b) opened. 
[0039] 

Thus, if the detection value equivalent to AO of drawing 4 is acquired for every pixel next, the 
detection value equivalent to A1 of drawing 4 will be acquired for every pixel by shifting a 
detection phase 90 degrees and repeating are recording and abandonment of a photoelectron like 
drawing 2 (c), covering two or more periods of exposure light. If this detection value is read, the 
detection value equivalent to A2 of drawing 4 and A3 will be shortly acquired for every pixel 
drawing 2 (d) and by shifting a detection phase like 180 degrees and 270 degrees, going, and 
repeating are recording and abandonment of a photoelectron still like drawing 2 (e), covering two 
or more periods of exposure light. In addition, the count of the synchronous integral of each time 
does not have making it the same also until it says it. 
[0040] 

by the way, in IT-CCD which has a horizontal-type overflow drain electrode, since p mold 
substrate 22 can carry out until formation of the n+ field 23 which forms Photodiode PD deeply, 
there is an advantage which can raise the detection sensitivity to a near infrared ray. The area 
which forms the hemihedry and n mold field 20 which adjoined Photodiode PD and was 
connected to the LOD electrode 21 is required, and since the part and the light-receiving area 
of Photodiode PD become narrow, there is a fault in which a numerical aperture decreases. 
Moreover, in IT-CCD, since it is necessary to adjoin Photodiode PD and to form the 
perpendicular transfer CCD, the part and the light-receiving area of Photodiode PD are 
restricted. Then, FT-CCD which gave the transfer facility to photodiode PD itself and made 
light-receiving area large is explained below. 
[0041] 

(Gestalt 3 of operation) 

Drawing 16 shows the configuration of frame transfer-die CCD (FT-CCD) which has a vertical 
mold overflow drain (VOD) electrode. It is formed in the front face of n mold substrate 30 so that 
the vertical mold overflow drain (VOD) electrode 31 which consists of an aluminum electrode 
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may contact a substrate directly without an insulator layer. Control voltage Vs is impressed to 
the VOD electrode 31. p mold field 32 is formed in the part surrounded with the VOD electrode 
31 of the front face of n mold substrate 30. Long n mold field 35 is formed in two or more 
perpendicular directions in this p mold field 32. The part surrounded with the broken line of 
drawing 16 constitutes the photodiode PD for 1 pixel, and shows the cross-section structure to 
drawing 1 7 . 
[0042] 

In the front face of n mold field 35, it is Si02. Along with the longitudinal direction of n mold field 
35, two or more polish recon gate electrodes a, b, and c are formed through the becoming 
insulating thin film 36. With the longitudinal direction of n mold field 35, each polish recon gate 
electrodes a, b, and c are formed so that it may be extended perpendicularly, and they constitute 
one pixel from three gate electrodes a, b, and c. Although only the pixel of the limited number is 
illustrated in drawing 16 , they are horizontal and the thing which the pixel of the number 
according to vertical resolution consists of in fact. 
[0043] 

Polish recon gate electrodes a, b, c, and Si02 Since the becoming insulating thin film 36 
penetrates light, a photoelectron is generated in n mold field 35. However, parts other than the 
image pick-up section of drawing 16 are covered by the light-shielding film, and a photoelectron 
is generated neither in the are recording section nor the level transfer section. During a vertical- 
retrace-line period, the are recording section bundles up the signal charge of the image pick-up 
section, is transmitted at high speed, and reads the signal charge accumulated in the are 
recording section through the level transfer section to before a next vertical-retrace-line period. 
As it dissociates and the electrical potential differences phi1-phi3 impressed to the gate 
electrode of the are recording section have read the picture signal from the are recording 
section through the level transfer section, in the image pick-up section, its are recording of a 
signal charge is possible for the electrical potential differences V1-V6 impressed to the gate 
electrode of the image pick-up section. Therefore, if frame transfer-die CCD is used, it will 
become possible to take the long storage time of a synchronous integral compared with the case 
where INTARAIN transfer-die CCD is used. In this example, the transfer of a signal charge is 
enabled from the image pick-up section at the are recording section using the transfer electrical 
potential difference of six phases of V1-V6. On the other hand, the transfer of a signal charge is 
enabled at the level transfer section using the transfer electrical potential difference of the three 
phase circuit of phi 1 — pht3 from the are recording section. (Each gate electrode of the image 
pick-up section and the are recording section is connected through the same transfer electrical 
potential differences V1-V6 as the electrode horizontally located in a line, and wiring which is 
not illustrated so that phi1-phi3 may be impressed.) Although detailed explanation is omitted 
since the level transfer section is the same as the level transfer CCD mentioned above The 
transfer of a signal charge is enabled also here using the transfer electrical potential difference 
of two phases of VH1 and VH2. 
[0044] 

Drawing 18 shows electronic potential along with the broken line of drawing 1 7 . Between n mold 
field 35 which a photoelectron generates, and n mold substrate 30, as the broken line of drawing 
18 shows, the potential barrier by p mold field 32 exists, but if high + electrical potential 
difference is impressed to the VOD electrode 31 connected to n mold substrate 30, this 
potential barrier can be broken down and a signal charge (photoelectron) can be thrown away 
into n mold substrate 30 from n mold field 35. 
[0045] 

Applied voltage Vs of the VOD electrode 31 is made low, and it is made for the potential barrier 
by p mold field 32 to exist between n mold field 35 and n mold substrate 30 in the are recording 
period of a photoelectron. Moreover, like drawing 19 (b), the gate electrodes a, b, and c of three 
per pixel are used, and not only the photoelectron generated under the gate electrode b by 
impressing highest + electrical potential difference to the central gate electrode b but the 
photoelectron generated under the gate electrodes a and c is accumulated in the potential well 
under the gate electrode b. This situation is shown in drawing 19 (Ha). Drawing 19 (Ha) shows 
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the potential of the electron about the thick alternate long and short dash line of drawing 19 (b). 
Moreover, drawing 1 9 (d) shows the potential of the electron about the thick broken line of 
drawing 1 9 (b) about each gate electrodes a, b, and c. 
[0046] 

In the abandonment period of a photoelectron, high + electrical potential difference is impressed 
to the VOD electrode 31, and as shown in drawing 1 9 (d), the height of the potential barrier by n 
mold field 35 and p mold field 32 between n mold substrates 30 is lowered, as shown in a 
continuous line from a broken line. At this time, the electrical potential difference impressed to 
the VOD electrode 31 is set up so that the potential of n mold substrate 30 may become lower 
than the potential of n mold field 35 under the gate electrodes a and c more highly than the 
potential of n mold field 35 under the gate electrode b. Although the electrical potential 
difference impressed to the gate electrodes a, b, and c is the same as that of the are recording 
period of a photoelectron, and the potential barrier by p mold field 32 is completely broken down 
under the gate electrodes a and c of both sides since + electrical potential difference higher 
than the gate electrodes a and c of both sides is impressed to the central gate electrode b 
Under the central gate electrode b, the potential barrier by p mold field 32 is not completely 
broken down only by height becoming low. For this reason, although many of photoelectrons 
generated under the gate electrodes a and c of both sides are discarded by n mold substrate 30, 
the photoelectron generated under the central gate electrode b is not discarded, and the 
photoelectron accumulated in the bottom of the central gate electrode b in the are recording 
period of a photoelectron is not discarded, either. 
[0047] 

When are recording and abandonment of an above-mentioned photoelectron are repeated two or 
more times, in the bottom of the central gate electrode b, the photoelectron accumulated in the 
central gate electrode b from the gate electrodes a and b of both sides in the are recording 
period of a photoelectron will be accumulated too much. Since the central gate electrode b is 
always accumulating the photoelectron, the average by the integral will always [ this ] be added 
to the detection value by the synchronous integral, but since the detection value by the 
synchronous integral has still been acquired from the gate electrodes a and b of both sides, 
sufficient contrast can be acquired. 
[0048] r 

Moreover, like this example, since distance information is computable also by observing two or 
more sheets, shifting the phase of the are recording period of a photoelectron [ as opposed to 
exposure light for the image which made one half the are recording period of a photoelectron, for 
example among round terms of exposure light, and carried out the synchronous integral of the 
remaining one half as an abandonment period of a photoelectron ], since contrast becomes high, 
FT-CCD C an be used for an application with the long are recording period of a photoelectron 
[0049] 

furthermore, it was called not only the gate electrode of three sheets but five sheets and seven 
sheets — many — if 1 pixel is constituted from a gate electrode of several sheets and it is 
made to centralize a photoelectron on the central gate electrode of one sheet, rather than the 
component of the average by the integral, the component of the detection value by the 
synchronous integral collected from the surrounding gate electrode becomes large relatively, and 
can always in a central gate electrode improve contrast further 
[0050] 

In addition, since the vertical mold overflow drain electrode 31 needs to form an aluminum 
electrode so that p mold field 32 may be surrounded in n mold substrate 30 around p mold field 
32, p mold field 32 cannot be formed with epitaxial growth, when it forms by the diffusion 
method, the until formation of the p mold field cannot be carried out not much deeply. Therefore, 
n mold field 35 used as a photodiode will be formed still more shallowly than p mold field 32, and 
its sensibility to a near infrared ray is low. in order to cancel this fault, FT-CCD which has the 
horizontal-type overflow drain (LOD) electrode which can carry out until formation of the n+ field 
of Photodiode PD deeply is explained below. 
[0051] 
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(Gestalt 4 of operation) 

Drawing 20 shows the configuration of frame transfer-die CCD (FT-CCD) which has a 
horizontal-type overflow drain (LOD) electrode. The part surrounded with the broken line of 
drawing 20 constitutes the photodiode PD for 1 pixel, and shows the cross-section structure to 
drawing 21 . p mold field 42' is formed in the front face of p mold substrate 42 of epitaxial growth 
so that n mold field 45 used as a photodiode can be formed deeply. By the ability forming deeply 
n mold field 45 used as a photodiode, there is the description which can make sensibility to a 
near infrared high, n mold field 45 used as a photodiode is adjoined, the p+ field 44 is formed, and 
n mold field 40 used as a horizontal-type overflow drain is formed in this p+ field 44. n mold field 
40 used as n mold field 45 used as a photodiode and a horizontal-type overflow drain has 
extended for a long time in the perpendicular direction of transfer of a substrate adjacently, and 
the n mold each field 40 is connected to the horizontal-type overflow drain (LOD) electrode 41 
which consists of an aluminum electrode. Control voltage Vs is impressed to the LOD electrode 
41. 

[0052] 

In the front face of n mold field 45, it is Si02. Along with the longitudinal direction of n mold field 
45, two or more polish recon gate electrodes a, b, and c are formed through the becoming 
insulating thin film 46. With the longitudinal direction of n mold field 45, each polish recon gate 
electrodes a, b, and c are formed so that it may be extended perpendicularly, and they constitute 
one pixel from three gate electrodes a, b, and c. Although only the pixel of the limited number is 
illustrated in drawing 20 , they are horizontal and the thing which the pixel of the number 
according to vertical resolution consists of in fact. 
[0053] 

Polish recon gate electrodes a, b, c, and Si02 Since the becoming insulating thin film 46 
penetrates light, a photoelectron is generated in n mold field 45. However, parts other than the 
image pick-up section of drawing 20 are covered by the light-shielding film, and a photoelectron 
is generated neither in the are recording section nor the level transfer section. During a vertical- 
retrace-line period, the are recording section bundles up the signal charge of the image pick-up 
section, is transmitted at high speed, and reads the signal charge accumulated in the are 
recording section through the level transfer section to before a next vertical-retrace-line period. 
As it dissociates and the electrical potential differences phi1-phi3 impressed to the gate 
electrode of the are recording section have read the picture signal from the are recording 
section through the level transfer section, in the image pick-up section, its are recording of a 
signal charge is possible for the electrical potential differences V1-V6 impressed to the gate 
electrode of the image pick-up section. Therefore, if frame transfer-die CCD is used, it will 
become possible to take the long storage time of a synchronous integral compared with the case 
where INTARAIN transfer-die CCD is used. In this example, the transfer of a signal charge is 
enabled from the image pick-up section at the are recording section using the transfer electrical 
potential difference of six phases of V1-V6. On the other hand, the transfer of a signal charge is 
enabled at the level transfer section using the transfer electrical potential difference of the three 
phase circuit of phi1-phi3 from the are recording section. (Each gate electrode of the image 
pick-up section and the are recording section is connected through the same transfer electrical 
potential differences V1-V6 as the electrode horizontally located in a line, and wiring which is 
not illustrated so that phi1-phi3 may be impressed.) Although detailed explanation is omitted 
since the level transfer section is the same as the level transfer CCD mentioned above The 
transfer of a signal charge is enabled also here using the transfer electrical potential difference 
of two phases of VH1 and VH2. 
[0054] 

Drawing 22 shows electronic potential along with the broken line of drawing 21 . Although the 
potential barrier by the p+ field 44 exists between n mold fields 40 which adjoin n mold field 45 
which a photoelectron generates, and this through the p+ field 44 as the broken line of drawing 
22 shows If high + electrical potential difference is impressed to the LOD electrode 41 
connected to n mold field 40, this potential barrier can be broken down and a signal charge 
(photoelectron) can be thrown away into the LOD electrode 41 through n mold field 40 from n 



file://C:¥Documents and Settings¥oonishi¥My Documents¥JPOEn¥JP-A-2004-4... 2007/04/24 



JP-A-2004-45304 



19/34 ^— V 



mold field 45. 
[0055] 

Applied voltage Vs of the LOD electrode 41 is made low, and it is made for the potential barrier 
by the p+ field 44 to exist between n mold field 45 and n mold field 40 in the are recording period 
of a photoelectron. Moreover, like drawing 23 (b), the gate electrodes a, b, and c of three per 
pixel are used, and not only the photoelectron generated under the gate electrode b by 
impressing highest + electrical potential difference to the central gate electrode b but the 
photoelectron generated under the gate electrodes a and c is accumulated in the potential well 
under the gate electrode b. This situation is shown in drawing 23 (Ha). Drawing 23 (Ha) shows 
the potential of the electron about the thick alternate long and short dash line of drawing 23 (b). 
Moreover, drawing 23 (d) shows the potential of the electron about the thick broken line of 
drawing 23 (b) about each gate electrodes a, b, and c. 
[0056] 

In the abandonment period of a photoelectron, high + electrical potential difference is impressed 
to the LOD electrode 41, and as shown in drawing 23 (d), the height of the potential barrier by 
the p+ field 44 between n mold field 45 and n mold field 40 is lowered. At this time, the electrical 
potential difference Vs impressed to the LOD electrode 41 is set up so that the potential of n 
mold field 40 may become lower than the potential of n mold field 45 under the gate electrodes a 
and c more highly than the potential of n mold field 45 under the gate electrode b. Although the 
electrical potential difference impressed to the gate electrodes a, b, and c is the same as that of 
the are recording period of a photoelectron, and the potential barrier by the p+ field 44 is 
completely broken down under the gate electrodes a and c of both sides since + electrical 
potential difference higher than the gate electrodes a and c of both sides is impressed to the 
central gate electrode b Under the central gate electrode b, the potential barrier by the p+ field 
44 is not completely broken down only by height becoming low. For this reason, although many of 
photoelectrons generated under the gate electrodes a and c of both sides are discarded by n 
mold field 40, the photoelectron generated under the central gate electrode b is not discarded, 
and the photoelectron accumulated in the bottom of the central gate electrode b in the are 
recording period of a photoelectron is not discarded, either. 
[0057] 

When are recording and abandonment of an above - mentioned photoelectron are repeated two or 
more times, in the bottom of the central gate electrode b, the photoelectron accumulated in the 
central gate electrode b from the gate electrodes a and b of both sides in the are recording 
period of a photoelectron will be accumulated too much. Since the central gate electrode b is 
always accumulating the photoelectron, the average by the integral will always [ this ] be added 
to the detection value by the synchronous integral, but since the detection value by the 
synchronous integral has still been acquired from the gate electrodes a and b of both sides, 
sufficient contrast can be acquired. 
[0058] 

Although the gestalten 3 and 4 of operation shown in drawing 1 6 - drawing 23 explained the case 
where 1 pixel was constituted from a gate electrode of three sheets, as shown in drawing 24 or 
drawing 25 , when it constitutes 1 pixel from a gate electrode of four or more sheets, it is good 
to form a potential barrier so that a photoelectron may not flow into the gate electrode which is 
accumulating the photoelectron in the period which discards a charge from a perimeter. When 
drawing 24 constitutes 1 pixel from a gate electrode of four sheets, drawing 25 is the case where 
1 pixel is constituted from a gate electrode of six sheets, and shows the potential of the electron 
under each gate electrode [ in / (a) a charge storage period and / in (b) / a charge abandonment 
period ]. The part shown in gray in drawing 24 and drawing 25 is a photoelectron. In the charge 
storage period of (a) The photoelectron generated under the surrounding gate electrode is 
flowed and accumulated in the bottom of a gate electrode with the electronic lowest potential. In 
the charge abandonment period of (b) It is controlling to form a potential barrier in the bottom of 
an adjoining gate electrode to isolate electrically the part in which the photoelectron under a 
gate electrode with the electronic lowest potential was accumulated from a perimeter. <BR> 
[0059] 
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If the potential of the electron under each gate electrode in a charge storage period and a 
charge abandonment period is shown in three dimension about the case where 1 pixel is 
constituted from a gate electrode of six sheets shown in drawing 25 , it will become as shown in 
drawing 27 (a) and (b). V1-V6 in drawing support the perpendicular transfer electrical potential 
difference shown in drawing 20 , and LOD supports n mold field 40 used as a horizontal-type 
overflow drain. While the photoelectron under the gate electrode to which the electrical potential 
difference of V2 and V6 was impressed moves in the charge storage period of drawing 27 (a) to 
the bottom of the gate electrode to which the electrical potential difference of V3 and V5 was 
impressed The photoelectron under the gate electrode to which the electrical potential 
difference of V3 and V5 was impressed moves to the bottom of the gate electrode to which the 
electrical potential difference of V4 was impressed, and a photoelectron is accumulated in the 
bottom of the gate electrode to which this electrical potential difference of V4 was impressed, 
the charge abandonment period of drawing 27 (b) — the electrical potential difference of V3 and 
V5 — V1 and until comparable — the part in which the photoelectron under the gate electrode 
to which the electrical potential difference of V4 was impressed was accumulated by making it 
low is electrically isolated from a perimeter, and the inflow of a photoelectron is prevented. 
Moreover, by setting up lower [ it is higher than the gate electrode to which the electrical 
potential difference of V4 was impressed for the potential of the electron of a LOD electrode, 
and ] than the gate electrode to which the electrical potential difference of V2 and V6 was 
impressed The photoelectron generated under the gate electrode to which the electrical 
potential difference of V2 and V6 was impressed is discarded by the LOD electrode, without 
discarding the photoelectron accumulated in the bottom of the gate electrode to which the 
electrical potential difference of V4 was impressed. 
[0060] 

By the way, some photoelectrons of a non-detecting phase flow into the polar zone for are 
recording (electrode of the location where electronic potential is the deepest) to which the 
electrical potential difference of V4 was impressed in the example of drawing 25 . Moreover, the 
polar zone for are recording itself generates and accumulates the photoelectron of a non- 
detecting phase. The photoelectron of the phase non-detecting [ these ] serves as DC 
component to the photoelectron of a detection phase, and reduces a S/N ratio. Then, if a light- 
shielding film 47 is formed in the front face of the sensitization section for charge storages, and 
the sensitization section which forms a potential barrier as shown in drawing 26 , the ratio of an 
integral can always to a synchronous integral be reduced, and the contrast of a synchronous 
integral can be improved. In the example of drawing 26 , the front face of the gate electrode to 
which the electrical potential difference of V1, V3, V4, and V5 is impressed is covered by the 
light-shielding film 47 so that a photoelectron may be generated only under the gate electrode to 
which the electrical potential difference of V2 and V6 is impressed. 
[0061] 

In addition, this invention is applicable similarly not only by IT-CCD or FT-CCD but FIT-CCD 
(frame INTARAIN transfer-die CCD) which is these compound dies. Although the are recording 
section for one screen is added between the level transfer section of IT-CCD, and the image 
pick-up section as shown in drawing 28 , as for FIT-CCD, two kinds of perpendicular transfer 
electrical potential differences are needed and actuation becomes complicated, there is an 
advantage which can reduce the smear which is the fault of IT-CCD. 
[0062] 

[Effect of the Invention] 

Since sensibility of the sensitization section was made adjustable synchronizing with the 
exposure light by which intensity modulation was carried out according to invention of claim 1 , 
electro-optical distance measurement is realizable with an easy configuration. 
Since sensibility of the sensitization section was made adjustable synchronizing with the 
exposure light by which intensity modulation was carried out according to invention of claim 2, 
the electric switch which can open and close migration of the signal charge from the 
sensitization section to the are recording section by high frequency is unnecessary, and there is 
an available advantage also with the image sensor of applications other than a synchronous 
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integral. 

Since the same actuation as a synchronous integral was made realizable using the INTARAIN 
transfer-die CCD image sensor which has the most common vertical mold overflow drain 
electrode as a CCD image sensor according to invention of claim 3, electro-optical distance 
measurement can be realized cheaply, without using a special image sensor 
[0063] 

Since the same actuation as a synchronous integral was made realizable using the CCD image 
sensor which has a horizontal-type overflow drain electrode with high sensibility to a near 
infrared according to invention of claims 4 or 6, ranging with the high night vision engine 
performance becomes possible. 

According to invention of claims 5 or 6, since frame transfer-die CCD is used, it becomes 
possible to take the long storage time of a synchronous integral compared with the case where 
INTARAIN transfer-die CCD is used. 
[0064] 

According to invention of claim 7, in a charge abandonment period, since the potential barrier 
which isolates the sensitization section for charge storages electrically from other sensitization 
sections was formed, the contrast of a synchronous integral is improvable. 
Since the protection-from-light section was prepared in the front face of the sensitization 
section for charge storages, and the sensitization section which forms a potential barrier 
according to invention of claim 8, the ratio of an integral can always to a synchronous integral be 
reduced, and the contrast of a synchronous integral can be improved. 

Since the electric switch which can open and close migration of the signal charge from the 
sensitization section to the are recording section by high frequency is formed for every sensor 
element according to invention of claim 9 and only the signal charge of a detection phase can be 
accumulated alternatively, the contrast of a synchronous integral is improvable. 
Since the transfer electrode prepared in order to make the are recording section serve a double 
purpose as the transfer section was further made to serve a double purpose as an electric 
switch for opening and closing migration of the signal charge from the sensitization section to 
the are recording section by high frequency according to ipvention of claim 10, actuation of a 
synchronous integral is realizable with an easy configuration. 
[Brief Description of the Drawings] 

[Drawing 1 ] It is the explanatory view showing the basic configuration of this invention, and the 
block diagram in which (a) shows a whole configuration, the important section block diagram in 
which (b) shows an example of an image sensor, and (c) are the important section block diagrams 
showing other examples of an image sensor. 

[Drawing 2] It is the explanatory view of operation showing the timing of the synchronous 
integral by the image sensor of this invention. 

[Drawing 3] It is the outline block diagram of optical system used for the conventional electro- 
optical distance measurement. 

[Drawing 4] It is the principle explanatory view of the conventional electro-optical distance 
measurement. 

[Drawing 5] It is the important section block diagram showing an example of the image sensor 
used for the conventional electro-optical distance measurement. 

[Drawing 6] It is the important section block diagram showing other examples of the image 
sensor used for the conventional electro-optical distance measurement. 

[Drawing 7] It is the top view showing the whole image sensor configuration of the gestalt 1 of 
operation of this invention. 

[Drawing 8] It is the perspective view showing the important section configuration of the image 
sensor of the gestalt 1 of operation of this invention. 

[Drawing 9] It is the sectional view showing the important section configuration of the image 
sensor of the gestalt 1 of operation of this invention. 

[Drawing 10] It is the explanatory view showing the potential of the electron of the image sensor 
of the gestalt 1 of operation of this invention. 

[Drawing 1 1] It is the explanatory view of the image sensor of the gestalt 1 of operation of this 
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invention of operation. 

[Drawing 1 2] It is the top view showing the whole image sensor configuration of the gestalt 2 of 
operation of this invention. 

[Drawing 13] It is the perspective view showing the important section configuration of the image 
sensor of the gestalt 2 of operation of this invention. 

[Drawing 14] It is the explanatory view showing the potential of the electron of the image sensor 
of the gestalt 2 of operation of this invention. 

[Drawing 15] It is the explanatory view of the image sensor of the gestalt 2 of operation of this 
invention of operation. 

[Drawing 16] It is the top view showing the whole image sensor configuration of the gestalt 3 of 
operation of this invention. 

[Drawing 1 7] It is the perspective view showing the important section configuration of the image 
sensor of the gestalt 3 of operation of this invention. 

[Drawing 18] It is the explanatory view showing the potential of the electron of the image sensor 
of the gestalt 3 of operation of this invention. 

[Drawing 19] It is the explanatory view of the image sensor of the gestalt 3 of operation of this 
invention of operation. 

[Drawing 20] It is the top view showing the whole image sensor configuration of the gestalt 4 of 
operation of this invention. 

[Drawing 21] It is the perspective view showing the important section configuration of the image 
sensor of the gestalt 4 of operation of this invention. 

[Drawing 22] It is the explanatory view showing the potential of the electron of the image sensor 
of the gestalt 4 of operation of this invention. 

[Drawing 23] It is the explanatory view of the image sensor of the gestalt 4 of operation of this 
invention of operation. 

[Drawing 24] It is the explanatory view showing actuation of FT-CCD using the gate voltage of 
four phases. 

[Drawing 25] It is the explanatory view showing actuation of FT-CCD using the gate voltage of 
six phases. 

[Drawing 26] It is the explanatory view showing the actuation at the time of adding a light- 
shielding film to the sensitization section of FT-CCD using the gate voltage of six phases. 
[ Drawing 27] It is the explanatory view showing actuation of FT-CCD using the gate voltage of 
six phases in three dimension. 

[Drawing 28] It is the top view showing a whole FIT-CCD configuration. 
[Description of Notations] 

1 Light Source 

2 Detected Material 

3 Image Formation Optical System 

4 Image Sensor 

5 Sensibility Control Section 

6 Storage Section 

7 Detection Phase Setting Section 

8 Ranging Operation Part 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the explanatory view showing the basic configuration of this invention, and the 
block diagram in which (a) shows a whole configuration, the important section block diagram in 
which (b) shows an example of an image sensor, and (c) are the important section block diagrams 
showing other examples of an image sensor. 

[Drawing 21 It is the explanatory view of operation showing the timing of the synchronous 
integral by the image sensor of this invention. 

[Drawing 31 It is the outline block diagram of optical system used for the conventional electro- 
optical distance measurement. 

[Drawing 41 It is the principle explanatory view of the conventional electro-optical distance 
measurement. 

[Drawing 5] It is the important section block diagram showing an example of the image sensor 
used for the conventional electro-optical distance measurement. 

[Drawing 61 It is the important section block diagram showing other examples of the image 
sensor used for the conventional electro-optical distance measurement. 

[Drawing 71 It is the top view showing the whole image sensor configuration of the gestalt 1 of 
operation of this invention. 

[Drawing 8 ] It is the perspective view showing the important section configuration of the image 
sensor of the gestalt 1 of operation of this invention. 

[Drawing 9 ] It is the sectional view showing the important section configuration of the image 
sensor of the gestalt 1 of operation of this invention. 

[Drawing 10] It is the explanatory view showing the potential of the electron of the image sensor 
of the gestalt 1 of operation of this invention. 

[Drawing 1 11 It is the explanatory view of the image sensor of the gestalt 1 of operation of this 
invention of operation. 

[ Drawing 12] It is the top view showing the whole image sensor configuration of the gestalt 2 of 
operation of this invention. 

[ Drawing 13] It is the perspective view showing the important section configuration of the image 
sensor of the gestalt 2 of operation of this invention. 

[Drawing 14 ] It is the explanatory view showing the potential of the electron of the image sensor 
of the gestalt 2 of operation of this invention. 

[Drawing 151 It is the explanatory view of the image sensor of the gestalt 2 of operation of this 
invention of operation. 

[Drawing 16] It is the top view showing the whole image sensor configuration of the gestalt 3 of 
operation of this invention. 

[Drawing 17] It is the perspective view showing the important section configuration of the image 
sensor of the gestalt 3 of operation of this invention. 

[Drawing 18] It is the explanatory view showing the potential of the electron of the image sensor 
of the gestalt 3 of operation of this invention. 

[Drawing 19] It is the explanatory view of the image sensor of the gestalt 3 of operation of this 
invention of operation. 

[Drawing 20] It is the top view showing the whole image sensor configuration of the gestalt 4 of 
operation of this invention. 

[Drawing 21] It is the perspective view showing the important section configuration of the image 
sensor of the gestalt 4 of operation of this invention. 

[Drawing 22] It is the explanatory view showing the potential of the electron of the image sensor 
of the gestalt 4 of operation of this invention. 

[Drawing 23] It is the explanatory view of the image sensor of the gestalt 4 of operation of this 
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invention of operation. 

[Drawing 24] It is the explanatory view showing actuation of FT-CCD using the gate voltage of 
four phases. 

[Drawing 25] It is the explanatory view showing actuation of FT-CCD using the gate voltage of 
six phases. 

[Drawing 26] It is the explanatory view showing the actuation at the time of adding a light- 
shielding film to the sensitization section of FT-CCD using the gate voltage of six phases. 
[Drawing 27] It is the explanatory view showing actuation of FT-CCD using the gate voltage of 
six phases in three dimension. 

[Drawing 28] It is the top view showing a whole FIT-CCD configuration. 
[Description of Notations] 

1 Light Source 

2 Detected Material 

3 Image Formation Optical System 

4 Image Sensor 

5 Sensibility Control Section 

6 Storage Section 

7 Detection Phase Setting Section 

8 Ranging Operation Part 



[Translation done.] 
* NOTICES * 

JPO and INPtT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 3] 




[Drawing 4] 
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[Drawing 5] 



[Drawing 6] 
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[Drawing 10] 
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[Drawing 1 1] 




[Drawing 13] 
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[Drawing 14] 
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[Drawing 15] 
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[Drawing 16] 
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m*m i ] 

m>K£ *)m&fc Lxmmmt Lxmm-r^um^t, 

rnw w e> % m isis m$ k m mm m ? a & * # $j ^ # & ^ m # m t 
ism Bis tc i sm $ *tfc i&m&ffl m <o m% #m % & m&?> wfem k ^ o* v> t , # -t > -9- gig 

^#a§M^sam^^i%*aii-^^^^tfrfs^*««^fMu. tijfs#^«^ii 

y$>-^4 y > y*y TmccDm&m^*m^tzW\®z-%&:X&^T, 
smmmztifzytKx ^mM^fitzWimmm^^(Dmm^mtm^m^^y^^m^ 
mqztitzmK&i%^L#>tzVimx\ mm^m^m^ fifz^mmm^^mmLx ^ mis 
sjug^iio-jgw^-? ^ms^MKT-miss^^#-f-m#^fliifs#^«^^^^$-^ 
^^*6o*ijfpmj±*mrisM^-/-?--7n- kw >®MK£P;bn-t- ^i&^^MIS^J^^P 
<nm$L<nmmK*>tz ^xm^o &-tm i<v&mt , 

m l c^|5t-emjIS#ft^^-c75*^§|5^«^I? ^TtmW^iliJ^itt LTftfrfS^flUc x B 

&&-tm2<DWtytit, 

n2<Dm%xm\&mm%&iii2ti2>tzzfK^ mi<D&v%xmzmm*-^-yv- fv^ 
>m^^grfs$ijtpm)±^EP^p-r2,MHo^@^^«9#x.^^3<o^iigrt, 

^2, n3<Dmm*m$i®m*)&Ltz^ mmmmmmz tmT&wmv&mm 
%z>m%L<DwmMKm<3^x, &-ty*f^n^t K&&&m$x<v&mmm*WiMT2>m 

m^uffi&m&^mib&fonmm t&¥-%%\n\Kmm-ri> tz&<7>mm*-^- y n - f v 
-f ynM*^-r&4 yf-y^y- v ? y* y rMC c dm^?* m^?zm&tt&x& 
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foBtum <D-mffl<o 7 ibWr fc^ffl m xmmm ytB^m^mffizmm £ « ^ t> mi± 

m2<Dm%xmfc{mm&itiztiz>tzzfK^ mi<D&mxmmmm*-^-yu~- kw 

y mtitc HtfiEMt mj± * ^m-r & m m <o$lm * w ^ # x. & m 3 <d& m t , 

mi, ^z^&^mmm^^tz^ mmmmmm^mnr^mm^mm 

rn-^mrn z fit ^xM^t^-t^g^* #^«4&± k 2 ^tc w u mm l t 

^n^m ^ titz~ftK x ^mtzfrfz&mih^frh^mmzMtmim^^^z/v^m* 
nm^fitz-m^i^L^fz^mx, mm^^m^ntzyt^mm-^KmmLx, mm 

ft£iffife»jft£iH<a«&<ajg»i Kio/z^xm*) ^m i<D&mt, 
mi<o&mxmm&±yv^m<vmmmfc<vmitm-mffi2ti?zmffi*mfcmk Lxmm 

m2<D&f%xmmmfrmfriii2ti2>tzmz > mi<v&mxmmmmj--^-yv- 

>nmKmmmmmm*wn^&wm<Dm%*tyty^?L2>Wi3<7>m.mk, 

mi, m2, m 3 (vmwztmmmio MLtzik, mmmmm^w^-r^mm^mmm 

%z>M$k<nwmm.Km^x, ^^y^m^k K^mmt x^m&mmtmn-t&m 

4 (ommt *mt& t k z^mk-r&m&m^zm^tzwmjomo 

^yt&Kfccxzft^tim^mffi*%>!ki£Ltb& 3^\>x±.<^mm^m^, m$ft*m<m 

i^ctfii * mn-t zxiKLtz^xfwm* *mimfa± i:2« k m$ l t 

%mm^5B<7>mjtm-mffi2titzm j %mffi*mLtzt tm^myt^m^mffizmmz-it 
& x -? ^mmmm^mmmm^ ~ ^- yu~ kp^ >ms^eniai-^it;^^mris?^j^^iii 

mi<D^mxmm^^y^wm(omm^(omytUKmm^fifzmm^mmmk ^xmm 
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> mfi^ Miet ijf pmj± s- en jni- a n <^f£*i 3 <?>&ffit, 
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[ 0 0 0 3 ] 

s Rtt^fcRSr^^^'J >^*LT, H«|t^^*«0 o . 9 0°, 18 0°. 2 7 0° 

& t ^^Slt^^tbfjt^^tL-etLA 0 , Al, A 2, A 3 b-f& &ffl<DM*lVl±#L 

^ = a r c tan I (A 3 - A 1 ) / (A 0 - A 2 ) f 
[ 0 0 0 4 ] 

^4 (DgytWKteM&vmm (X, Y) ^2^%Wi:B^J? tiT*3 »j , #||i:ov> 
T±^HJ; ^j£t@«tL^ (X, Y) £ t fcj: 19 , tftH^2(7)ift«)^ii|^t 

[ 0 0 0 5] 

vyy&x-z&ixvxKvtitfKh?, $tm, 1 0-50 8 7 3 6t i:iii5*i» 

<7><fc 9 ^^it^M^^tLT^^o El 5 lI|Co^tlo« 
35PDt4o<7)^€'J>--b;vM0 ) Ml, M2, M3£fjfx.. ^t'J-t^MO, Ml 
, M2, M 3 tmftffiP D<DMKitW&frifl#}K* *l*m&;*>f y-f- S 0 , SI, S2 
, S 3#&ttfcftTv>*o y-f-S 0, SI, S2, S 3 ft***Lg| 4 coT 0 

, Tl, T2, T3^M^>?ftJ, i<OS&f^*ffl[Jfcjg«!Hto^^«l*5 3g-rc:tHJ: 

-f Xfj:Mt4 S /NJ££ft±$« ,r tfrXZ , Rlt^^m-fitA 0 
Al, A 2, A3^t'J-t^M0, Ml, M2, M3i:*«?*l4 e ^J:?&IMt 

^SR*ix., «P»*|fl«ii:i>$ii£4o^l^-fyfS0, Si, S2, S3^L 
Tlo<7)li^PD^A>y7M/y^^SR<7)#>i ; t'J--bJUM0, Ml M2 M 3 K 

[ 0 0 0 6 ] 

l «t 9 t -r & pie] 

Mi-*mffi*35^«WW^*i t^HM»c|^ffli»^LTv»*<7)t rat J: ^ fcSjftrf^m 
[0 0 0 7] 

#ffc^fi, i<7)J; o %%}W>KM'0*^X%2tltzi)<DX$>V) , -m&)%C C D jS^^T-<7)^J 
[0 0 0 8] 
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^-4 <vmytffl><Dm&*&T2^&tz&<7>mmm&*WLi%m : ?-4: ^^mfc&m^nw-r&m 
mmwns t, mm^mm^m^mm^^tz^xmmmi^m^- 4 (omnm-mn$ n. 
fzmw*$kmffl^£ *)i%fr&\^xmmint Lxum.-tz>um%i§ 1, mtmrnmrno-m 

mmfflsKW\fcimnzmzK&tza^ztyV)^£.&&&mmfcU7 1, tmu6 kibiis 

K&tfcthtl 2 3: -COBESfltf $5L*^HP-r&i»JB&^l¥$B8 t i £ £ t><VX 

[0 0 0 9] 

cici-c. ^Bj^i«sB^m^ffl^^#ft^ : f-4 ii. mi (b) K^-rx^iz^ &ytm&m 

x^^m^m-r^m^m^t-r^^K $>&^te, mi (c) k^-tx^k, mmm^x 
a y^-s *nm%Lxi±w\mx£t(:^'t)K ztt** yKetzt ix\ -mm^mfo^Ei^mcr) 

^^t^^t^x^^m^^mytUPD' *^-r %> x ? &itft^ t -r & 0 ^w^ii 

> il^ fctiffiil 7n- P W >?- A > ■ h?^7rS 

a • h 5 tIC CDjft^^ i> L< itLfjWtfit^a-^*&7U-A • v ? 

- 9 «f > ■ h7>^77lCCD ttfcfcSS^fflffl tlSo 
[0 0 10] 

13 2 »4*ISWoS&f^SiWia-C*«>o El*, (a) «Mlt3feWOifcffi4r^bTi3»J. (b) 
~ (e) li^tol£ffiK^BI57^K^?^*l^»»5^<^7t*^tofi:ffl«:^LT^* 0 
^^fjTti. 1 ^^)-b>tl|r t El 5 ifcliH 6 Kyjk-T X $ 1 ^©S^P D 
ttgSfc^^-f 7fS0-S3 --t;WM 0 ~M 3 &mHX, 7^7fS0, 

SI, S2, S 3 £**l-e*US 2 (b), (c) . (d), (e) <D$C}hixLfflX\%frm#> 
MV?Wt 0 ^:|&^-eJi, 1211 (b) ^^"Tctd^, 1 0(7)-b>'tIiri: S 
jfcft CTffSf L«>& jgftgP PDt, &7fcg|5 P D .Lfcfc-f-mffif * * 

«t4««aiMi, p d ^ t) iifPM's^tf if <ot s ^ pi n t & i^t, ? 

Sttlofofx., l @lo«««fi:ii«^^ y*-S £EI2 (b) <7>j$Wtf:*B-T?*fc«9 
agL*>-T*it^«J: S*f§BMK HI 4 <D A 0 H*B^-*-& £#T> i*tSr|«3l^ 

thj: i mm&, gK*tbi-o 3 tag. 4®i<&»«i#fciim$t*>f y*-s** 

*L-etLH2 (c) , (d) , (e) (Dfa&iiLfflxmio&Lj-y-t&ztKX y), *Hspm 

t:i4<?)Al, A2, A 3 ffl £ "J" & illil Seffi * & T, £ *i£ 1 Mffifrl*-^ J: 
»9!%^tBi-o ^±<^i&f^*IW®IeIi!&9 tcj: >}ttfi&WI®-r*o J: ? K-Ttitf, m 5 £ tz 

E»im«*iBii:-CS*<>^T**t»irA<, v-rr3>-. DSP, &1&<V¥WL 
[0011] 
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[0012] 

*£-C\ [211 (c) fc^-J^fc, !8:ftSBfc*»gBO|ia<am&*>r 7fSliONn^:i 
[0013] 

^ 4«*^3lfi«?*»T4fgt LT, C C Djfff £^«>&tf*K tt, 

fit, 3fc$r^tIiL^< 4i^fflTli*-^-7D - Kl/^f vaMS-fHtflf**--/* 
[0014] 

&*>;?>a,, i^-/N'-7n- km >mtM£c cd*^ 7^yt ? ^-nfijffl-r& 

[0015] 

&T> ^I^WitU, »Iifcli«a*>-;t-7n- KM 
[0016] 

(^iwf^ 1 ) 

H7»i«M*-^-7D- KM> (VOD) li^tt^^>^-7^> - f7>77 
rMCCD (IT-CCD) ^ii^ltv^o nli«10^ffii:ii, r;i^-^ 
AISJ: ij ft4«il^^^-7n - KW V (VOD) til Hb*fflOim*:-frZ-r&tiLK 

ummmir&ziKMi&ztiT^zx, vodisi 1 k immmm v s &mw $ *itv>& 

o nSltlO^Iffi^VODtil 1 -CH ^tifcSBfrfctitpa^Jfcl 2 5&<^j£ 3 *IT n 
4o i^pIWl 2 lc^^c<7)-7^ K^Vf*- W1LTM$HT^* 0 H*, PD 
§2 L "7* b^*- K"C* V) , CICD?* h^-f^- K P D*«^$ ttfcgp^ 

j&^fi£$tLTi/>& 0 KPDi:^LTM$ti^lIa, b, c, d 

^^a' . b' , c' , d' (i^iE^MC CDc7>mtiT-*«9, :«li<7)TJ:70^ 

* - k PD^4Ltit*iHf**»L, mm * tifzm^mm* 4 ts^^E^Mma v 

1. V2, V3, V4t:J:^7X¥feICCD^lt^ 0 (#*)J07* h ^-f KP D 
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JE^PiJPS J: o KEliF L*^E*l*^LTggjK$*tT^*o ) TMPlSii C C D ti 2 *@ 
OTfc^jimBEVH 1 , V H 2 t J: If ^|5j|t^ ^«t)t?)^iili e , f, e' , 
f , e" , f" ^ffiitt^o IT-CCD-CWU ^SSSjgtt 4 a -7 * , 7jt¥3£ii 

ti 2 n ? * -cff ? £ t #te*T— jaw"?* ^ , *<Dm.ffi&m<v4±*&fr^^T itmza 

[0017] 

HI 8 (27* KPDfcSiUgjimffia, b WgP^WfffiflSat*:^ LT^4 e ±i£ 

O^ffi^ti, >^>f KPD*«?*itv^o #7* h^M^-- KPDIi 

n+Hi&l 3 i: plfltl 2 t ^ £>fSs£ $ fix 0 7* h^-f KPDO^fflUlip 

. P +» 1 4 *>ts:«|-c* «9 > z<Dm&*m-rz>y * hr-i Vit, M»b&fry* yyj 

* - F&ZktytftlX^&o &y * KPDi:igLT, plW 2<r>mMK 

mm$kmc CDZmtiZ-TZ nl l 5«^StiT^& 0 uOnll5 0|Ii:i^ S i 0 
2 «t 19 &&*&*g${|£g 1 6 ^LT, *-'J y 'J 3 MIJ: i) ^SiESlIIa , 

b*^JS3*LTV>4o ^'f'Jv'Jn^y- Mi^WSIl 6 £4h LT^BfcS tlT^ 
&?>-C\ B^iO^^^m^S^^ <, l^t&^WU ttMH z^ftSSE 

y^->^-r*it*d:fflS|-c*4o 7* V^-f K P D i ^fi-jSjim® c , 

[0 0 18] 

i9 fill! 8 <Dk -A' jgUco^TSit^C CD«>M*E3ITOa, b, c, d^Mmm 
itfc^LT^&o il^iSfiilla, c 1*7* h^-f*- K P D fcM*£j£C C D 

^HfejimSa, b, c, d<v±.ffl>KirMM%l 7*^ift?iiTv»io 

[0019] 

Ell 0lil8O^tii:-fioTl?^*T>ytJ^*LTt^o o£t9. SE^iiC 
CDOn® 1 5*^p+il 4' (J«9lftc»i3g«^ffi^p+»i 4 JiSOX^-C^JSfe? *L 
T^S) > 7* h^-T^-- KPDWn+1 1 3^ pS«12, niS«l OC'&STi 
?<7)*r >y t ^^/^ L^: t^-Cij&o 7* K P D t C D <F>M<D p 

<-r^^tKX^om-r^ti} % x^^ 0 ttz, y* yy**- kpd t nii«i o<owo 

pM^l 2c7)m^ltM (Ell 0cr>feM^«T^-T) (iVODllIl lOfP^mEE^^ 
<-r&it^J: Jj^t-Clt^-C^&o la + oeAt:- (-^^TO <7)fa#£tt Lrt: & O i± 
*i?*fi*LT^4o 7* K P D OgBfr^ftW^t* "tzXttfr" CO X 

o %mm*fflmKtti,tzi><vi±, ytm^mKX^^Lfzytm^^mMLx^^o $xt<d 
i&WK&^xi>mmx$>2> 0 
[0020] 

IT-CCDi:^^T, V0Dll*IS:itTV^^Olfili, 7* h^*-KPDt 
#^H^v^^ 5 "A#L^<!: li^flf^nllKl 0 #TN$>&#, 

#-5§-B« J S$J-C& < Tfc> 7* K PD4>J«J&£Ttffc 

»i, iflWIU-CJbiitiaT, S*i:^--/^7n-?tTLl^i:t:<):^ 
7* h^-*;*- VP D<Dmf£*n^k LT^4, t4^, 7* h^V^- KPD« 
£<£T3-£rt:^ t § fcidu V 0 DS1 1 1 fcSf^+WBESrePin?"* £ t K J: 19 , 7 * h 
-ft^FPD^n+il 3 t nlitl 0 <?5 ffl <0 p Hfli^ 1 2 <D%luM^*T\f X 7 * h 

KPD^Mif * niy^« 1 0 jcj&^-ri: ? ^ lt^j, 7* h^^-KP 
DtiESlccDOMtctp+gi 4' <7>«ffi»M*«#^-ra*«, ^lcoHE^Mm^ 
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t-KPDt:ML^lf ^ilfellia^T^I^^it^^^o VOD1H l 
Ka^ + mEE^EPflUS *VCv> 7* h^-r*- KPD-C^LfcmfflftiSiSJlS 

Tt4o -O^m^^M^IWI^f^ikaiM (IMfctbtt+l) fctio tfc, VOD1 
[002 1 ] 

VODII T-CCDtUjfcB^iS, gg*tH LW#i W^i&ft * (H 1 1 fc^ 

li^hj-t^o 3fcm^o«®ffifw-e*i, voDiii 1 <nQimw£.i*i&< , ttz, 7*vy 

A KPDOgH^^^^tLTV^^lS^iim^aRfi+^^^mJEEV 1 HI 1 

1 (a) ^Ti^i-J: 9 fc. il^ISiT^ nJf 1 5 O^t" ;v£T*f & i: £: fctc, n 

S 1 5 t n +S 1 3 fcOMKBfifcSfiTv** p + S l 4 ' H<t &Wte|$g&J»-ro £tUi 
Hi (c) <7)1^^7fS^lCTi/^it(:ffi^fS 0 £CD±§^ n+113tM 
Lfc3fem^iiSiH53@|«ffiT<75ne 1 5 H*i»$tL*o 
[0 0 2 2] 

yem^eymmmmx-te, nSisioicgjEj^voDiii 1 ^^^+mi±v s £ep 

illU nlltl 0©JHrV'>^A'S'Ttf4o fcPJnmEE V s v>J&<&, Si 1 (b 

) ^tio^> nllt 1 0 £ n +® 1 3 <DWKJ&J&Z tltz pl« 1 2 KX&m&m 
mtfffitl, n'+S 1 3 TM L^^O^ < (i n ISt 1 0 *ii e c\<Dk%, 

iiesi«ai:ii, 3fc«^«>#8f»ira ^ nm, raj± v i ^epin s t k lt^ < 0 ^ 

nil5 <7)*V > V) t> nISt 1 0 <DtfT > *s * frri'XiMk < 4SJ:^:V0D 

til 1 ^EP*Dmj±V s £I£5e-<J-& n+Sl 3tH4L/t^li*7>ytJ« 

^■%^\&&*thti2>tztbs ^frimmmmnMam^i- vodih i 

fc*«3*lfc3fcW-?li, n+Sl 3WlftHI^£^, VODlill ( n ||«l 
0) liKgSfji^tL&.r tti£^ 0 
[0 0 2 3] 

^m^o^^ifflw (nil (a) ) tytm^^mmmm (urn (b) ) t ti^jt^- 
t-rm&ih-to - . . 

[0 0 2 4] 

*8t3*ifc5fc«^<*>ljfc*fcB t^MT-ti, 111 ( c ) ^tJ:^;, iSSICCD^n 
SI 5t7i h^^-KPD^n+Sl 3 ^MC p+114' <t &mfc|gii£|&£ 

? ^ Sit^inm^a^mmv 1 £M£<t£5£u ^iimmv 1 - V4i:4*i^ 

l^o^HAT, #^?tL7t#-§-m^f*^*tB1- 0 £*W±, HI (b) <7)1^^-; 
[0 0 2 5 ] 

i^>i^Lt, 0 4 OA 0 ^ffiSt*^tBW#®ir t |;|| t, tii t , (EI 2 ( 

c) <D£o^, tettHSffl* 9 OJg-fb LT> Jfcm^^SWt^Srffilt^fflrifeojgjKn 

anfisri^m-r 4**02 (d) , ^hKitm2 ( e ) ^j; 5 ^a^g*- 1 8 0 
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[0 0 2 6 ] 

^=arctan I (A3-A1) / (AO - A 2) | ic^to^t, A 3 co^aiffi 

£#*Tl^ 1 CDm&* *U fc*ftU ^^A 1 c^mfift£>}t£>T (A 3 - A 1 ) £[^Dffl 
lWifl^tU^ititio 3fcfc> A 0<atfcaJte£:fc*T#2<afflfft;**yfc#ftU 
SfcfcA 20tfctiHi6£:£*!>T (A0-A2) D# 2 OMflM * U fc±*§ -ffcc t ^ 

[0 0 2 7] 

Sfc, $C&m%t±&-fLi>m2 (b) - (e) J: o K-mffl^<DUh*ifz®i^fflM t~? 

8!+<a¥#£tfctB#*i> ^<^#£#N£tBfc*at LTm%.Ltzmi<7>m&t^ z^mi 
it a ^ it m im &c\t # s "c § & o 

[0 0 2 8] 
[0 0 2 9] 

|git-^7n-KW >SimsCCDIt 7*h^*-KPDW 

LOD) HfS^T & I T-CCDi:o^T^:^it4o 
[0 0 3 0] 

(^Ml2) 

HI 1 2 tt$tli!;t-^- 7D - K W > (LOD) Zm-TZJ h?>X7T 
1CCD (IT-CCD) «^LT>/>4„ p iS« 2 2 «>^B5fc fi, M^ft^I 
»(?)nli«2 0j&«^JBfc3*LT£ >5 > # nSi«2 0 tt,. T;V3 -7^II<t 
ODlg2 1 Ciii^T>/^o L OD1I2 1 Kl±Mmmj±V s «)#0£ *iTv**o # 
nltM2 0{:iflTpII«2 2 coflffi V * Y ? 4 * - Kri*#* LTBfift 3 

tLTv^So IS*, P D fcfaL/c§|5^{i-7 * h *M *K c\<D~7 ± h ^ ~ VP 

KPD*W?*LTV»i, #7* h^*- KPDi:iiLTM?tL^:lga, b 
, c, dfcfctffca' , b' , c' , d' (iSH^iiC C D<?)liT^ *} > ^coS^T 
£"7* t^-f KPD-cML^If^fiL, *»3*lfc#-Jf-mffi£4*B<*>£ii: 
*E&«JEEV1, V2, V3, V 4 «fc ^tK^^C C DCSItio (#5*J?> "7 * h 9' A 

CDti2tl^7jc^3imj±VH 1 , V H 2 t J: *9 m^£if&i£-r& 1zto<nij(J?1&&nM e , 
f, e' , f , e" , f" *ffiz-T\,>Z> 0 IT-CCDt(i, Hi&lgjSlfcM ffl* n y * 
> 3MM6j3Hi2ffl*ny*-CfH ^ t7& s @i6T-^-e$) 19 , ^^mW^M^ftia^tco 

[0 0 3 1 ] 

El 1 3(i7 * h KPDtlieilia, b <7>JS2l<7)Wrffl»a£*?F LT^4 0 ± 

«fc 9 t::> pSM2 2 <E>^?SfctiU LODIS2 n:gS?tL/cnIfttl2 0« 

* h^-f FPDIin+ii*2 3 t P S1«2 2 £ ^ ^fltfifc £ *tTV> & 0 7tf^* 
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ffi<Z>S/NJ££^<1-*-Hi:fc& 0 d?>j|£#£R C^K, #-^mWa s ^Btti&£« £> 
'iv^^itsit^ p + « 2 4 <7)$!i!)-r& <9 , i^)iii*tt47*h^*-Kli 

PSS«2 2<7)iBl:i|^lCCD^MtS nil 2 5«^T^I, 0 >!<7)nJi2 
50OT»c»i, S i 0 2 J: ^ W12 6 ^^LT, *°'J y 'J n M|J: 15 

ttMH z <OifcJSigrc;*-f t fiEH-C&&o fc*^ 7* h^*-KPD 

fcSEfeiimMc , d^ffloWfffifili&'bEl 1 3 fcH»T*4o 
[0 0 3 2 ] 

o i2«7)iilSMib, d*iSE4KSI^«:ftlS:*fc1-o ilfeMffia, b, c d <75 
±£BKf«Ml2 7j&^fi6*tLT.^4 0 L0DHfl2 1 n M&i*, 2 0 

[0 0 3 3 ] 

CCD<?)ni25^t)p+i24' (i^Clilt|ffi(?)p+i2 4 fiSflZDfi-eBlfcS 
*i"C^2>) , y * h 4 3 KPDOn+i 2 3 > p+124' , L0Dli2 1 fc&jgg 
Sftfc nli«5 2 0 tl&oTl^^fV Ltii><DX$>& 0 y * ^ ^ K 

PDi:ilSICCD<7)W^p+12 4' ^mfcltM (EI 1 4 <^;&<1<7> Wc^l") (ig 

KPDt nS^i«2 0<75WOp+S2 4' Olfiil (H 1 4 ^fflOflfejfil-e^-r) 
«L0D1I2 l^epjpmJESrffi<-r4it^J: ^tit^|2, 0 
[0 0 3 4 ] 

LODI^I T-CCDt:i3^t, L0DKfi|*|B:»tT^4**<7>afeii % 

^tSnI«2 0t:JIW:«!)T^S^ fclSETNi, #^m#^ii^Jr^ < T , 7 
* FPD<Dmm*TWt2^kZKl*^ fftWai-CebfttttU, nil! 

1» 2 0 liHU^ - K P D <7>JgJ^£or^ 

UTl>4 0 t4^^, 7* h^-f*- h*PD<7>m%i*i&TZ-£ti^b L0D1 
fM2 1 CL £ <fc *k 7* h 9*4*- KPD^)n+l2 3 t nli 

i^2 0<7>M<O p +124' «^I^TlfT7 * h *M * - KP D^MSf* nit 
#2 0i:»*tJ:^:LT^& o -7* h*V*- K P D fc ilfeSC C D<D H <> p + JB 

24' oifii^m**', ^io^E^jim^a^m^o+mBE*fPiiiLTio< d 

H:ii)p+i24' omteMS£T»fT7* h^M*- K P D L^Sffl 5 £M*£ 

Ilia^T^ifeSut^TlSo L0D1I2 1 fcffi^+WJEa*|£pflD? *tTi/>*i§# 
fcii, 7* Ytr^*- K P D 1 ^ t# liillSI C C D ^ ^ U lit til> ±fc 

nM*B±l£ 2 0 <7)7?^*£T fbti^ CI ^ & £ <o "C\ 7t h^^f^- KPDOi^ (:ftm^m 

*- kp dtm Lfcw^f *i#s^c c d < «e*ut, mmmmm,m<DTKmm 

[0 0 3 5 ] 

LODII T-CCDtJ:l>^l^ii, mm, gj£*tfl L N! £ Hi 1 5 1^ 

Lii?ltJ 0 ^ifoiiiw-eii, l 0 Dii 2 i<7>enipmffiii^ < > ifc, 7*1^ 

KPD<50»HB«;$*tTv>*Sit<ESI«tea^+^HS^mEV 1 £-$-x_T, Ell 5 
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(a) fc^-ri^i^ mw.&mn>)t&T <d ni 2 5 (o^t >v^;v^r»f * 1 1 nm 

2 5 t n + W 2 3 t <7>mKfmZ *IT^4 p + S 2 4 ' J: & o -Ml 

1 (c) <7)I^^7fS)()lCT»/^ii:i:ffllt^o n+i2 3tML 
Ttftm^teHEjjSSISMTcT) nl 2 5 tl^o 

[0 0 3 6] 

^m^^J^^WTrfis nifit2 0i:g^?tl^LODli2 1 + V s ££P 

flPU ni«2 0<O*r > V fr*Tlf& 0 mwMJ£V s #+53*^ HI 1 5 (b 

) KTjk-rZiK, nSf«2 0i:n+i2 3^Ht«?tL^:p+i2 4' KJ:&®ft:|f 

tatmi (c) Wt^^fyf S^Cf:JJt^l»iti:^t^o il^SiSlT^ 
nl 2 5£>#:r V->^;v«fc *3 & nif«2 0 <0#"f > ~> ^ JK^^**ffi < 44i^:L0D 

m^2 1 vmm&v s £I£te1-& t , n+123 t^^m^-^^T- > 

v^^l^-t^ft**:*^ *^#ttSE^£m« a WMt nli«2 o* 

^LTL0Dii2 l^H5S$*t4o ftB^oMtSHW 4> til^IISTO n ® 

2 5 KtfiffiStlfcftm^li. n+®2 3<^m^lt^ s **^*, L0DI12 1 (nit 
i* 2 0 ) 111 HJSI* $ fr* - £ »4 fc.W 

[0 0 3 7] 

MfwiiiH (sis (a) ) tftm^vmrnfflm (015 (b) ) t^Mit^- 
mmft-e3z&L, m^am2 (b) ©j:^, ^s^tfttuffiffi mmm^mm) x<o^yt 

£J!Rlt3fcOffi&<ajg#fctofc t J: *J , 0 4 <7>A 0 Hffi^i"*tjtmffi*^a 

[0 0 3 8 ] 

*«?*L^3fc*^gc*toL»IMTti, 0 15 (c) fc^-TJ:$fc, iMCCD<?)n 
12 5i7*h^*-KPDOn+S2 3^HCp+S2 4' K«fc *m#ltS£!&£ 
J: 5 fc> MlS3£m4®a<a®EEV 1 ^ffi<^U $£}£mj±V 1 ~V 4 C4|@©fe 

s^ny ^*^-x.t, ^n^ti/c^^-m^^ic^ai-ro £*u*> 01 (b) com^^-i'^ 
s *«h ^ fctftas n +i ^ -r * o 

[ 0 0 3 9 ] 

i^i^cLt, 0 4 <7)A o ^ti^i-^^mffi^iS^rt Kmhtiz t, 02 ( 

&m*$zfr&-tt , 4^1302 (d) , S ££1*132 (e) -9 £> 1 8 0 

tz^WLlOM-rz tKX *K 0 4C75A2, A 3KfflM-f&1fctii4&tf&m : M&K&btl2>o & 
[0 0 4 0] 

i::%T\ iI)J-A-7n- KM >m^^^T*r* I T-C C DTi±, -7* bfJ*- 
KPDSiifiKt* n +Hi*2 3 * pSl«2 2 $ -C^fiKi - * £ £ &X § * a£ 

P Di:if LTL O DHM3I2 l»c»SE$ *Lfc nM«« 2 0 *K»t 4 ffij|l^5?-C* •? , * 

Sfc, IT-CCDtli, 7* KPDfcR«LTflitfc£CCD£»!tt*#3S 
***a<30-C, ^53% 7* h *M **- KP D<Dg%ffiWtttMZ tl&o ZZX\ y * h ? 

[ 0 0 4 1 ] 

0 1 6 (iiS*-^ - 7n-KU^> (VOD) mfe^^T-T* 7 1/-A • h y >*y rM 
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CCD (FT-CCD) 60IM^/tLTI^o nllf 3 O^IffiHli, TiK^^Af 

tij: tc&mmj--^- 7 k w > cvod) mfS3 1 #^«fli£^£T^a;:ii;^ 

^fcfeT& J: 9 K?&J£S tlTi^o VODli3 1 Uti^iJ^mJIV s ftT^;|> 0 n 

MM$i3 0^i<7)VODIi3 l-rHi*t7tf|5^H(ip§y^3 2^fifc$n.Ti/^ 0 
^Op^01*3 2fcti, 8?ft*<7>gil:&fafc£^ nlfi*3 5d*J2Jifc3 flX^h Q Hi 6 

[0 0 4 2] 

ni#l3 5coiffittt, Si0 2 «t »J*4j(ei»*JR3 6 Sr^-LT, nlit3 50fi 

'J Mgffia, b, c it nMm&3 5 <D^^\n\k t*mMX\%KftU i & X *> KTfc&L 

£tlT2o*K 3 IB Mi a , b, cT^-o<o®5££«JiftLTV*& 0 0 1 6-C»ilK& 

[ 0 0 4 3 ] 

*°Uy'j3>y-Mg a , b, c*5J:tfS i O, <fc %&&$kmm3 6 fift£ii&i- 
nW3 5 ^(i^m^^^i-So fc/iU 13 1 6 *>*«!&^OfrB#«tSft3fe 

MS tt^mff ^ 1 ~ ,5 3 ti»fft§P<7)r- bmaUwEPijDSitsWEEV 1 ~ V 6 fc ut^atsn. 

m^zt, -iy^-v^y- > 9 >^ 7 7 m c c d *m^&m&K&'<xmfflffi%'<7>wffi 

mffl*&<M2>Z.ktfnSmk%:& 0 Z<DWTl±, V 1 ~~ V 6 <D 6 tBc^ jiBj± v>Tif 
mC CD kmc &CDT-&&<DX\ mftf£t%mi$^V&-tZ>'t)K :;t^VHl VH2<D2 

ffl<vmmm.j£*m^Tm-%m.ffi*&&tirffik u^s e 

[0 0 4 4] 

Ull 8J2H1 7co?I#fac-?&oTm : ?-^^-r>v^^^^LTv>^ 0 M^MtSnl 
ItHW^-r^^ nil«3 Ot:IlE?tL7t:VODli3 1 fcifiS^ + mEEfcepJUi - * 

[0 0 4 5] 

JtW^^WSaWl?**, VODlg3 l<*>epjn18fiEV8l±te< It^l, nlii*3 5t 
nII«3 0<7)Wi:, p ggfHisfc 3 2 &m ft: It Z> «fc 9 LT£ < 0 ttz, m 

19 (-f 5 fc, Hftolisftwr-Hia, b, c*«fflU tffc^-f 

lib K*"b«i/*+mEE£ep;(Hi-*-*£ try- Mgb ttm l^^i?^*^ t>f 

-Mia, c TtM L ^ ^- f ii b T<0* r > y -v i^P^Iit l> 0 i 

<D&ttWl9 (^M:*to 019 (^) &mi9 (4) V>±^—&&mKo\t*X<OK 
=}■<?> #t > *s*r ;v^7]> L/c i><?>X~lbZ>o ttz, HI 9 (-) 14 H 1 9 (n) o^flfc&fc 
o^t^I^^V^yt^^^^ Mga, b, ci:oi/)t^Ltt>4, 
[0 0 4 6] 

^l^^Iitlt V0D1I3 1 Ki%v> + mj±£EP;fjDU El 1 9 (-) 
niW3 5 t nSl«3 0©M©pI««3 2 «t *mffi»H<^jft ? 

0 KTifio-iOi: V0D1S3 n:Wl,Sff|^ nfiS*3 0O# 
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x y v -r h ig bT^)n MH±i& 3 5 <Dtf-r > is * £ *) i> M < , R^f - h ®fl 

a. cT<59nH!«U S^sKtv^^r^J: *>ffi < X -9 ^IS^eT &o Mia, 

b, cKmtt2ti2>MJ±&, tlU^-C* >9 ^ ■t^y-MlbttiM 
II!)?)^- Mia , c J: *9 t^v^+mEE^EPiia? tLTv^£T>-C\ MffiiJ<7)^- MSHa , c 

®}<vy- Mia, c OTtM l/:*Ef < (i nllt 3 

<7> - h ffifl b (7) T t £ 3tm^ f 4^ £ tL & ^ U ^m-? O K ^ £ ^ T 4» ffe 

[0 0 4 7] 

^fI^Hici3V>TMlllJ^^- Mia, b^4>^r- Mil b $ titcytm^tf 

[0 0 4 8] 

0 ^^m^^sasSM^^ffl^-cti, uyyyTs hfrm< %2>frh F T - C C D 
[0 0 4 9] 

$£>k, 3^^~ hmmKmhr, 5#u 7^<?:^o^^^<7)^- ni^i 

[0 0 5 0] 

|S^-^-7n - K W >tg3 1 (ipMfl±^3 2 <7}/iH<7) n M^K 3 O^pS 

Hi^3 2 fflfr<£ ? kt;i^ AmtI£Bfi£-r&'j£S^&&<7)-e\ P MHii£3 2 (4 
xn^^y^^gi:,): V)r*ti£-t2>Z. H*XZ%^ 0 fc&feKX *) pM 

^--^-7n-Kl/^> (LOD) Il^ttS FT-C C D K^^X^KUmt & o 
[0 0 5 1 ] 

(^*fc?>M4 ) 

120 amm^-^~y^~ k w > (lod) mfi£?£-r& 7v-a • h7>^7?s 

CCD (FT-CCD) ^tffife^^LTv^o [2 2 0 W&Bxm 4 *Lfc£|$fr{* 1 ®^#<£> 
y* KPD^«Lt^^ *?>8ffffi1fj££ig2 l^^-r o pll«4 20^ 

®M(4, 7* YfTJ*- Vt%& nii«4 5 £85 < %mx£ & X 7 z-\£?*=yv)\< 
K X ^ p nmM 4 2 ' frfm £ fiX^ & 0 7*h^*-Kt44n M^M 4 5 £ i£ 

-Ft44n 4 51: p +1M 4 4 ^fife ^ flX & >9 > «T <T) p 4 4 1: 

|I^-/^7n- K W ><h^^> nlW4 0^fife^tLTV^ o y*Y?A**-Yk 
nlt«4 5 tiSt-^-7n- KV^ y & nSIl*4 0 H^LT^OO 
SE^3i^f^^S<5£O f Ti3i9, #nM^it4 0 fi T ^ 5 x >7 Al|I«fc «9£&4fM*~^ 
-7n-K^'> (LOD) 114 n:«S?tiTv>& 0 L O Dig 4 1C f4fUfpmj± V 

s tftmz tix^& 0 

[0 0 5 2 ] 
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nMmM4 S<7>mffi<<zi±, Si0 2 J:*)^^,W14 6HIT, nlffi*4 5 0fi 

'Javy-Hfta, b, c fi nlW4 5 V>&ttfat ttM^lfQfctttf*, «t -9 fc^fifc 
ZflX&t), 3i^-Mia, b, c-C— oooSj!RS:«B!tLTv»* 0 g|2 0-C»4ISt> 

[0 0 5 3 ] 

^•"Jy'Jn^-Hia, b, cisJ:0 5 'Si0 2 « £ 4 6 

Z><DX\ nIW4 5 KliftW^&^-r&o fc*?U HI 2 0 ^jftfcgPJGWOg&^iiSft 

UUZ tl&M&4 1 - j, 3 h«Snep*D$n*«J£V 1 ~V 6 t li^«l?*L 

v$m&M<yLzzt&nsffet%& 0 z.<dmx*&, v 1 ~v 6 <D6ffl<7)&m'ms.%m^xm 

1 ~ ,5 3^3fflo^^mj±^fflv>T#^-mw^^^t^ lti^o (»«as*«to f *» 
gB^>#^*- MBte«\ ;fc^ft^^/im&-[^£^Mmj±v 1 ~ v 6 , ?s i~^3^en 

iiCCD t[W]Dt(7)-e^^c7>T\ gMffl*iB93ttH&"*-*3&*, ii-CbVHl, VH2tf)2 
[0 0 5 4 ] 

5 t £*U:: p +«4 4 ^iMTiftl, nlf«4 0 ©Wtli, (H 2 2 O&jft-C 
p+«J*4 4HJ:4«ia[RS*^^Ei-*^ nSW4 0 K^jggS L 0 
D114 1 fc&^ + mJEfcEPiir*-* fc, £ OWteft® , n Sfil4 5^ 

^nIfi*4 0«:gTLODlM4 lCfflf (5fcm^) ^Tiifc^li, 
[0 0 5 5 ] 

ftm^SttSBM-Cli, L0Dm^S4 l(79enDtimi±Vs{iffi< LTiSi. nlft4 5t 
nl««4 0^imc, p+fit4 4 <£ &mtelt»*?H£-r & «t 7 KLX& < Q Sfc, H 

2 3 U) Oi:^:, 3ft<?)^- Mia, b, c >H£ffl U h 
mttbmii^^ + WBE*^-*-* t ir-cr- hmtebT^&&Lfc3fc*-?0*fc£>r 

^^0 2 3 K%k-r 0 M2 3 (/n) fill 2 3 ) <^*v>-^fflftj:o^T^l 

^-<7)^V>v-r^^7jsL^^<7)T^^ 0 H2 3 (-) (iH2 3 (n) <D±\,*&LlgLK 

o^^l^^f^y^i-W-MIa, b, ci:o^U^4 c 
[0 0 5 6] 

36«-?<?5^3l6SSMTii, L0DII4 1 ^S5^ + «£E*epip L, @23 (-) Ki^T J: 7 
nlW4 5 £ nMIS±*4 0 ?>M<75p + 1M4 4 «t &mf£»S<?5flf3 £~Rf & 0 - 
cOt§. L 0D1I4 1 »-EPiDi-*«JEV s fi. nfiffi«4 0 W>y + h« 
ibT<^nifJi4 5^f^ytJVJ: "9 &iib< > lo^r- Mg a > cT<?)nII«4 

mt, tfcn.^wffimmtmffix&i) , ^^y- Ywmh\z\tmm<or- Mia, c 

J: *9 fc«v>+*JEa<Epjjp3 tLTv^<^)-c, Mli^v"- hmfMa, c <7>T-Cti p 4 4 

£J:*mtelS^tt^fc#3it;&a<, MIb^TTii P +i^4 4HU1 

^T-C^L^^m^<7)^ < (iniW4 0 *l&ri s , MSb(OTt 
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[ 0 0 5 7 ] 

mmmm^^^xmnKor- Mia, h^h^^r- vnMb KWfez titzjm^tf 

[ 0 0 5 8 ] 

M^lAL^v^^t:, WI^MtSt^v^ HI2 4 ItA&W- hm,mxi 

mm&m$L-fz>m&, 122 5ii6^^- h^-cisf^itst^^ (a) 

/7Uwio02 4, H2 5Ci3^tlAfe^L^»«l^T^^ (a) <?>m$f« 
[0 0 5 9 ] 

^MW^i3^^#r- MgT<7)S?<?)^f> ;v£ 3^7nW^^i- 1 , @27 (a 
) , (b) <DX $ Ktt&o m*<7)V 1 -V 6 \±m 2 0 Ktf L£M$S3tmjE^MJ&LTi3 
«9> LODIiiS^-^-7n-Kl/^>'t'5:2.nSfit4 0(:MLTi/^ 0 S2 7 ( 
a) ^m^^fffil^-rti, V2, V6omJE«repin$*L7t^- MiT^i^ s V3, 

v 5<omi±*epin^tt^^- hm^T^^Hj-ri) ^*^> V3, v somit^epiiDstiTt 
y- hm^T^^m^-iiv 4 c^mjE^enip^ titer- h®HTK^i&u ^<75 v 4 <7>mj± 
^epjjp^ titzf- hm^T^^m^-^fi? tt^, 0 @27 (b) <7>Mffimmfflmxi±, v 
3, v5<7)Hi±^v 1 kmmmtx<&<-?z>c\bx, v 4<?>mj±zzmztitcr- mi 

fc, LODlg^I^^^fVy^iV^, V 4 <7yMJ±*muZ Kitzf- MgJ: »3 < 
. iov2, v 6^>mH^ep*p^ KltcY- Mgi ^ 4>{&<lS:^-r^it^J; 19. V 4 

m±*tmztitzr- hmt&TKmiztitzytn^izmm-t&cittj: < , V2, V6^i 

EESrepiOS iifcr- MSTtML?t»(iLODlimi?til,o 
[0 0 6 0] 

tz\^x\ m2 5<Dmxi±, $^miLm<Djhn^<D—%mv 4(Dn,iz*mKztitz%mm 

ftKM^&i%mnft<7>ftmzi&i&x%, mmm^^-y h*&mx%z> 0 @26^ 
^!)-e(i, V2, v 6<vmj±*mnzti&r- hmUTK<7>&ytm^&%±-t&£dK, v 

1, V3, V4, V 5 om/±£epi)DS *L*y- MHcr>^^$rii^M4 7 tSoTi^o 
[0 0 6 1 ] 

*HiliIT-CCD^FT-CCD(:PSf)f\ £ ti*b?>1I^S!-C&£ F I T - C 
CD - ^>^-7^> • f7>^77iCCD) -e^llIlll^^fflT^^o F I 

T-CCDtt H2 8i:*tJ:Ti:, I T - C C D <07X¥$SiI£l^ MftS^W K 1 

^ I T-C CDcOX*-e*^>^ 3 T*i&$LX£&m&fr$>2>o 



(17) 



JP 2004-45304 A 2004.2.12 



[ 0 0 6 2 ] 

o 

[ 0 0 6 3 ] 
[0 0 6 4 ] 

m^8 0|&WH KWMffloig^fcBffiWSSrBJilc-r&flR^fP^M^jfi^ 

m#m9<D§kWKxtu£, mytm-hmm^^m^m^f^m^mm^xmmx^^m 

fcKEffl L *>-e, j£-e|W|M*f fr<oW)ft * MMx § & 0 

[Mc^m^i™ 

[Hi] *IS^O^*fl|Jsfc^i-gi^ia-C2b »9 „ (a) (i^r^I^^^-rro -7 ^ ID, ( 

b) \m&m?-<D-m*7F-rm : mm)£m, (c) ^^ft^-T-^^^—eni^^-r^^ggia 

[03] '&*<vftfeffl\mzm^&yt^<Dm®mi&mx$>2> 0 
[H4] ^*<7>3ta£i«ifig<^MasiWia"c*ao 

[1215] ^*^^MJS£lcfflv>^^ft^^-<7)-^j^^-r^*|5^|g| T ^^ o 
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